


SURGERY 




















Vou. 45 

















Original Communications 


STATISTICAL REVIEW OF FIVE-YEAR SURVIVALS AFTER SURGERY 
FOR CARCINOMA OF THE ESOPHAGUS AND CARDIAC PORTION 
OF THE STOMACH 


KomE! NAKAYAMA, M.D., CHipa, JAPAN 


(From Nakayama’s Surgical Department, School of Medicine, Chiba University) 


HE first systematic report on surgery of the esophagus and the cardiac 

portion of the stomach in Japan was presented by the late Dr. Seo and 
Dr. Ohsawa at the thirty-third Annual Congress of the Japanese Surgical 
Society in 1932. In those days radical surgery for carcinoma of the esophagus 
was one of the most difficult operations in this field and the operative mor- 
tality was high; Dr. Seo reported that, in 16 cases of carcinoma of the 
esophagus and the cardiae portion of the stomach exclusive of the cervical 
esophagus in which he performed esophagectomy, there were 8 operative 
deaths or an operative mortality of 50 per cent. 

In the past 12 years in which I have been engaged in this field as a sue- 
cessor to Dr. Seo, the method of operation on the esophagus has been im- 
proved in many ways and fairly good results have been obtained in my 
department. I now have 35 cases of 5-year survivals of carcinoma of the 
esophagus and the cardiac portion of the stomach operated upon during this 
period. It would be significant to review the statistics and various operative 
methods from the standpoint of operative mortality and their far-reaching 
results. 

During the past 12 years, from 1946 through 1957, 6,044 cases of car- 
cinoma were observed in my outpatient elinie (Fig. 1). 

Among male patients, carcinoma of the esophagus and the cardiae portion 
of the stomach and carcinoma of the stomach show an extremely high per- 
centage. Each of them is approximately 45 per cent. Among female patients 
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carcinoma of the stomach is also first, with a 43 per cent incidence. Carcinoma 
of the esophagus and the cardiac portion of the stomach follow, with an in- 
cidence of 26 per cent. 

The total number of cases of carcinoma of the esophagus and the cardiac 
portion of the stomach was 2,382 (Fig. 2). Of these patients 1,591 were 
admitted to the hospital. Successful surgery was performed on 975 patients. 
The percentage of the operations on outpatients is 41 per cent, and that of the 
admitted patients is 61 per cent. 
carcinoma of the cervical portion of the esophagus, and these are excluded 
from the following reports. 


However, this number ineludes 22 cases of 


Various operations were performed on these patients according to the 
location of the carcinoma (Table 1). 


OPERATIVE MORTALITY OF CANCER OF ESOPHAGUS AND CARDIA 
(Nakayama’s Surgical Department, 1946-1957 ) 


TABLE I. 








NO. OF | OPERATIVE 












































MORTALITY 
OPERATIVE METHODS CASES DEATHS (%) 
Carcinoma of Antethoracie esophago- - Oe 
upper and gastrostomy | 217 20 9.2 
j 2e1e © : | 
midthoracic R. intrathoracic esophago- 
esophagus gastrostomy | 38 6 15.8 
Esophagogastrostomy in neck 
(stomach in chest) 3 | 3.3 
Carcinoma of | Intra- Esophagogastrostomy | 136 7 5.1 
lower thoracic | Esophagojejunostomy | 56 2 3.5 
esophagus : ; . me 
pas — Abdominal | Esophagogastrostomy 95 3 a2 
and cardia . — a 
Esophagoenterostomy | 368 8 2.1 
“Hanging up’’ method) 
of esophgastro or | 
jejunostomy 40 9 22.5 
Total | 953 56 5.8 








CARCINOMA OF COLON (8.1%) (7.7 %) 


Fig. 1.—Statistics of 6,044 cancer patients seen as outpatients of Nakayama’s Surgical De- 
partment, 1946-1947. 

For carcinoma of the upper and middle portion of the esophagus, the 
following three different operations were used: (1) esophagectomy with 
antethoracic esophagectomy with intrathoracic 
esophagogastrostomy; (3) esophagectomy with esophagogastrostomy in the 
neck with the stomach in the thoracic cavity (Fig. 3). 


esophagogastrostomy; (2) 
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REMOVAL_OF CANCERS 
975 


ADMITTED (41.0%) 
56 8%) 
66.8 
TOTAL No. OF CANCER OF ,( eile: sae 
ESOPHAGUS, AND CARDIA OR INOPERABLE 
| 


616 
OUT - PATIENT (25.8%) 


2382 
(100% ) 


NON ADMITTED 
791 
(33.2%) 
.—Statistics of carcinoma of esophagus and cardia, 
1946-1957. 
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Fig. 3.—Schematic illustration of both ante-thoracic (A) 


and right intrathoracic (B) esoph- 
agogastrostomy. 
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For carcinoma of the lower part of the esophagus and the cardiac portion 
of the stomach, the following five operations were used: (1) esophagectomy 
with left intrathoracic esophagogastrostomy; (2) esophagectomy and total 
gastrectomy with left intrathoracic esophagojejunostomy; (35) esophago- 
cardiac resection with intra-abdominal esophagogastrostomy; (4) esophagec- 
tomy and total gastrectomy with intra-abdominal esophagoenterostomy; (9) 
esophagocardiae resection or total gastrectomy with abdominal incomplete 
anastomosis; adaptation of lower end of the esophagus and remaining part 
of the stomach, or jejunum, by hanging up and few sutures (so-called “in- 
complete anastomosis or hanging-up method”’). 

Mortality of these operations for carcinoma of the upper and middle 
portion of the esophagus shows that antethoracic esophagogastrostomy is 
much better than intrathoracic anastomosis. For carcinoma of the lower 
part of the esophagus, intra-abdominal anastomosis shows better results 
than intrathoracic anastomosis. The ‘‘incomplete anastomosis or hanging-up 
method,’’ which was used at the beginning of my study, is not in use now 
hecause of its high mortality. 

Table II shows recent reports, each covering more than 100 eases, from 
all over the world, on carcinoma of the esophagus and the cardiae portion 
of the stomach. Surgical mortality in my department, 5.8 per cent, is much 
lower than that of others. The main reason for the lower surgical mortality 
is probably the difference in operation methods. In my department most 
cases of carcinoma of the upper and middle portion of the esophagus were 
operated upon with antethoracie anastomosis, while all others were done with 
intrathoracic anastomosis. Even in my department intrathoracie esophago- 
gastroanastomosis shows higher surgical mortality, 15 per cent. 

TABLE II. OPERATIVE MORTALITY OF CANCER OF ESOPHAGUS AND CARDIA 


(Surgeons Reporting More Than 100 Cases 





| OPERATIVE MORTALITY 
SURGEONS YEAR | NO. OF CASES DEATHS % 

Garlock 1954 180 57 31.7 
Wu 1955 152 28 18.4 
Sweet 1956 ant 57 17.4 
Alascio 1956 73 66 38.2 
Nuboer 1956 195 - 

Watson 1957 182 66 iy 
Petrov 1957 123 62 50.4 
Lortat-Jacob 1957 308 102 33.1 
Katsura 1957 177 25 14.1 
Nakayama (includ- 1958 953 56 5.8 


ing ‘‘hanging- 
up’’ method ) 


Up to the end of 1957, 897 eases of carcinoma of the esophagus and the 
cardiac portion of the stomach were successfully operated upon in my depart- 
ment and 5-year survivals were 35 of 286 cases which were successfully oper- 
ated upon from 1946 through 1952. The survival rate is 12.2 per cent. These 


are compared with recent reports reviewed (Table III). 
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TABLE III. POSTOPERATIVE SURVIVAL RATE OF CANCER OF SOPHAGUS AND CARDIA 
(Except CANCER OF CERVICAL ESOPHAGUS) 








| CASES SUCCESS- 


FULLY OPERATED 2-YEAR | 5-YEAR 











SURGEONS YEAR UPON SURVIVAL SURVIVAL 
Garlock 1954 123 27 1] 
Wu 1955 124 24 6 
Macmanus 1956 64 —- 5 
Sweet 1956 270 83 24 
Petrov 1957 61 6 
Lortat-Jacob 1957 206 51 10 
Other eases 

reported 1952-1957 — — 21 
Nakayama 1958 897 151 35 
118 





Total — — 





Exeluding carcinoma of the cardiae portion of the stomach, 87 eases of 
earcinoma of the esophagus were successfully operated upon from 1946 
through 1952 and 5-year survivals were 16 cases, giving a survival rate of 
18.4 per cent (Table IV). Ten of the 16 are patients with carcinoma of the 
upper or middle portion of the esophagus, and all of them were operated 
upon with antethoraciec esophagogastrostomy, none, however, with right intra- 
thoracic esophagogastrostomy. Survival rate curves after these two operations 
reveal the difference and the advantage of using antethoracie anastomosis 
(Fig. 4). 
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Fig. 4.—Comparison of survival rate between two types of esophagogastrostomy. Nakayama’s 
Surgical Department (1958). 

Comparing the 5-year survival rate with that of intrathoracic esophago- 
gastrostomy by Sweet as reported in 1956, our 16.4 per cent is relatively 
better than the 6 per cent obtained by Sweet (Fig. 5). This may, again, 
chiefly depend on the difference in operation methods; that is, antethoracic 
anastomosis makes esophagectomy satisfactory and extirpation of lymph- 
node metastasis complete in carcinoma of the upper and middle portion of 
the esophagus. 
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TABLE IV. POSTOPERATIVE SURVIVAL RATE OF CANCER OF ESOPHAGUS 
(Nakayama’s Surgical Department, 1946-1952) 








CASES SUCCESS- 





FULLY OPERATED 2-YEAR 5-YEAR 
OPERATIVE METHODS UPON SURVIVAL SURVIVAL 
Antethoracic esophagogastrostomy 61 17 (27.9%) 10 (16.4%) 


Intrathoracic esophagogastrostomy 20 5 (25.0% ) 3 (15.0%) 
Esophagogastrostomy in neck 
(stomach in chest) and ‘‘hang- 














ing-up method’’ 6 4 (66.7% ) 3 (50.0% ) 
Total 87 26 (29.9% ) 16 (1 8.4% ) 
ot ——  NAKAYAMA(I958) ANTE- THORACIC ESOPH. GASTROSTOMY 
scone SWEET (1956) INTRA-THORACIC ESOPH. GASTROSTOMY 
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Fig. 5.—Comparison of survival rate between two types of esophagogastrostomy : 
Surgical Department (1958) and Sweet (1956). 
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SUMMARY 


1. Statistical study is undertaken on carcinoma of the esophagus and 
cardiac portion of the stomach as seen in Nakayama’s Surgical Department 
from 1946 through 1957. 

2. During this period, successful surgery was performed in 953 cases of 
carcinoma of the esophagus and ecardiae portion of the stomach exelusive of 
‘arcinoma of the cervical esophagus, and operative deaths were 56, making 
an operative mortality of 5.8 per cent. 

3. Five-year survivals after successful operation of carcinoma of the 
esophagus and eardiae portion of the stomach from 1946 through 1952 were 
3. Of 286 cases and the survival rate was 12.2 per cent. These cases includes 
16 cases of carcinoma of the esophagus exclusive of carcinoma of the cervical 
esophagus and ecardiae portion of the stomach. Ten cases were carcinoma of 
the upper or middle portion of the esophagus and the survival rate was 16.4 
per cent. 

4. From the point of operative mortality and long-term results, ante- 
thoracic esophagogastroanastomosis showed better results than intrathoracic 
anastomosis. 
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RETROSTERNAL ARTIFICIAL ESOPHAGUS FROM JEJUNUM AND 
COLON 


B. A. Perrov, M.D.,* Moscow, U.S.S.R. 


N 1907 P. A. Herzen® was the first surgeon in the world to complete an opera- 
tion for benign stricture of the esophagus on a 20-year-old girl. 

Herzen performed his operation after the method of Roux (Lausanne),”* 
who 9 months earlier (June 12, 1906) had done the initial stage of the operation 
on an 11-year-old boy. Roux, however, delayed attempts at the second stage of 
the operation—the anastomosis in the neck—another 4 years (1911). 

Some years later, after the successful outcome of Herzen’s operation, sur- 
geons often had fatalities following the operation. 

Further research was aimed at reducing the risk of necrosis of the jejunal 
loop. At the same time it was suggested to extend the jejunal loop subeutane- 
ously as high as possible in the neck. 

S. S. Yudin (Sklifosovsky Institute, Moscow) ?*-*° did more work than anyone 
else in this field. For 20 years after 1928, he improved the Roux-Herzen opera- 
tion considerably and performed it on more than 300 patients. 

Following Yudin’s work, we at the Sklifosovsky Institute with G. R. Khun- 
dadze devised a new method. It consists of the mobilization of the mesen- 
terie root of the jejunum. If the transposition of the jejunal loop to the chest 
eannot be raised higher than the clavicle, then the cecum must be raised and 
the parietal peritoneum under it is dissected. This posterior leaf of the peri- 
toneum is also dissected medially toward the spine. Thus, the root of the mes- 
entery is freed and it is then possible to raise it upward with the whole mass 
of associated jejunal loops. Without risk to the vitality of the jejunum loop, 
it is possible by this simple method to transfer it 10 to 20 em. higher than by 
ligature of the mesenteric vessels alone. 

We have performed this operation more than 150 times with unfailing 





success since 1949. 

Seven months after publication of our work,'® Dubost and Bernier’® also 
deseribed the operation, using a similar technique. 

However, the transference of the jejunal loop subcutaneously is not satis- 
factory to many surgeons. Methods of intrathoracic operation have been intro- 
duced. At first the intrapleural method was used. The mobilized jejunal loop 
was transferred through a hole in the diaphragm and anastomosed with the 
esophagus inside the intrapleural cavity. This method has a limited application 
since it is used when there is a stricture of the lower part of the esophagus. 
There is no need to separate a long jejunal loop, which simplifies the operation. 

Received for publication Aug. 15, 1958. 
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The description of the retrosternal method of operation (through the an- 
terior mediastinum) was published by Robertson and Sarjeant®! and by N. I. 
Eremeev® 6 months later. It is applicable in most cases of extensive cicatri- 
zation of the esophagus, when the stricture is found not only in the thoracic 
part of the esophagus, but also in the neck. In such eases it is necessary to 
transfer a long intestinal loop. 

The retrosternal esophagus meets the aesthetic requirements more than the 
subeutaneous one, especially with young patients. Besides, the jejunal loop, 
which had been transferred behind the sternum, functions better than the sub- 
cutaneous one. 

For the last 5 years this method has been popular in Europe and the United 
States. 

To date, we have performed 78 retrosternal esophagoplasties on patients 
with benign strictures as a result of swallowing caustic solutions. 

A jejunal loop was used in 55 patients and the right or the left half of the 
colon was used in 23 instances. 














TABLE T 
| NUMBER OF CASES 
METHOD OF OPERATION YEARS TOTAL | DIED PER CENT 

Antethoracie (jejunal) 

(S. S. Yudin) 1942-1948 256 24 9 
Antethoracie (jejunal) 

(B. A. Petrov, D. A. Arapov, B. 

S. Rosanov, G. R. Khundadze 

and others) 1949-19538 252 11 4.3 
Retrosternal (jejunal) 

(B. A. Petrov) 1952-1958 55 4 7.2 
Retrosternal (colic) 

(B. A. Petrov) 1956-1958 23 2 9.5 





RETROSTERNAL ESOPHAGUS FROM JEJUNUM 


In the retrosternal plastic operation the jejunal loop is introduced through 
the anterior mediastinum directly in the midline, dividing the friable cellu- 
lar tissues between the pleural cavities. The dissection of the pleura from 
either side should be carefully done in order not to tear the pleura; otherwise 
the loop will be drawn into the pleural cavity under the influence of negative 
pressure and it will kink. This would not be favorable for functioning of the 
jejunal loop and would be dangerous for its viability. If there are doubts 
concerning the occurrence of pneumothorax, a roentgenogram should be made 
after the operation and, if necessary, air should be aspirated. 

Only one of our patients, a girl of 7, died as a result of bilateral pneumo- 
thorax. Her death was owing to failure to recognize the nature of the post- 


operative complication. 

Another more dangerous complication is necrosis of a part or the whole 
of the jejunal loop in the retrosternal cavity. It is far more dangerous 
than necrosis of a subeutaneous jejunal loop. It is easier to recognize it 
subeutaneously, and it can be removed without difficulty. In the retrosternal 
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space the surgeon cannot see the jejunal loop or palpate it. It is easy to miss 
the development of necrosis and thus be late in removing the jejunal loop. In 
1953-we lost 3 patients due to necrosis of a part of the jejunal loop. 

The indications of necrosis of the tiniest bit of the jejunal loop in the retro- 
sternal cavity are only indirect: such as high temperature and increasing pulse 
rate. Roentgenography is of primary importance. If during the first days 
after the operation the jejunal loop behind the sternum is distended and con- 
tains fluid levels, it is obvious that ileus of the loop has oceurred. Then it is 
necessary to open the neck wound and examine the upper part of the jejunal 
loop. If necrosis is observed, it is necessary to remove the jejunal loop from 
the tunnel and to transfer it subeutaneously. We have done this in 7 eases. 
Later, good subeutaneous esophagi were made for these patients. In 3 patients, 
after necrosis of the edge of the jejunal loop at the neck, the intestinal stroma 
had closed and, in order to open it, we had to excise a part of the manubrium 
sterni. In these cases functioning results were good. 





Fig. 1.—The blood supply of mesentery in the initial part of jejunum. 


In order to obviate similar complications, transfer of the jejunal loop 
through the anterior mediastinum is used only in eases with perfectly good blood 
supply to the loop. In doubtful cases, when the jejunal loop has turned blue 
after the ligation of the vessels, it is safer to transfer it subcutaneously. Later, 
when it is obvious that the loop is viable, it is dissected from the subcutaneous 
tunnel and transposed retrosternally. We have done this in 8 cases. However, 
in the last 22 retrosternal operations, we have had no complications. 

The operation is performed in three stages. First a long jejunal loop is 
brought out by the Roux-Herzen-Yudin method. If it is impossible to draw it 
up to the neck, our method of mobilization of the mesenteric root is applied. 
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The loop is transferred retrosternally to the neck and its end is left subeutane- 
ously. The second stage, anastomosis of the jejunal loop with the esophagus, 
preferably side-to-side, is performed after 3 to 5 days. In case the stricture is 
situated very high, it is necessary to perform a lateral pharyngostomy and to 
connect it with the jejunal loop with the aid of skin flaps. We have had 10 
patients on whom we had to perform pharyngostomy. 

These operations took much time to complete (3 to 4 months), but all pa- 
tients recovered with good functional results. The third stage, anastomosis of 
the jejunal loop with the stomach, is performed in 3 to 6 months after discharge 
from the elinie, when good functioning results of the artificial esophagus are 
noted. Laparotomy is then repeated and the jejunal loop is freed from adhesions, 
divided, and anastomosed end-to-side with the stomach. The distal end of the 
jejunal loop is closed with a purse-string suture. It is often necessary to anas- 
tomose this end with the extracted jejunal loop, for which purpose the former 
Y-like anastomosis is divided. Thus, the primary anatomic correlations are re- 
established. It is necessary to include the stomach in the act of digestion ; other- 
wise the patient will suffer nutritional disturbances. Sole jejunal nutrition 
sometimes causes protein loss. 

Our experience shows that retrosternal esophagus from jejunal loop has 
great advantages. It functions perfectly enough that the patient’s diet is 
unrestricted and he is able to return to work. During the last few years in 
our clinic this method has been used more frequently than subeutaneous and 
intrapleural placement of the neoesophagus. 


RETROSTERNAL ESOPHAGUS FROM COLON 


Although the artificial esophagus made from a jejunal loop is good, there is 
always some danger the extracted loop will not retain its viability. The history 
of the development of these operations confirms this. 

That is why the operation proposed in 1911 by Kelling’® and Vulliet*® 
consisting of a transposition of a part of the colon is again being applied in 
recent years. 

In 1934 Ochsner and Owens'® gathered descriptions of 20 cases of sub- 
cutaneous reconstruction of esophagus made of colon from the literature. Be- 
ginning in 1951 a new series of communications’ '**> has appeared. Re- 
cently more than 50 operations of artificial esophagus made from the left or 
right half of the colon, including retrosternal ones, were described in the litera- 
ture. 

For the most part the colon has an excellent blood supply, which is not 
at all disturbed if only the ileocolic artery and vein are ligated for the right 
half and the left colic artery for the left half of the colon. 

We transferred the colon retrosternally in 23 patients with esophageal 
stricture and lost two. 


All operations were performed after an accidental swallowing of caustic 
solutions. The patients arrived from distant regions of our country, with gas- 
trostomy and total obstruction of the esophagus. 
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TRANSPOSITION OF THE RIGHT COLON 


In mobilizing the eecum and ligating only one trunk of the ileocolic artery, 
it is possible to mobilize the cecum, the ascending colon, and a part of the 
ileum 20 em. in length at the mesenteric border. The blood supply is main- 
tained by the large trunk of the mid-colic artery. Sometimes it is so good that 
one can see pulsations at the end of the colon, even after its transfer to the neck. 
This is never observed with the jejunal loop. Appendectomy is obligatory. The 
re-establishment of the continuity of the intestinal tract after the transposition 
of the colonic loop is restored by aid of a lateral ileotransverse anastomosis. 





Fig. 2.—Transposition of the right half of the colon. The lines of dissection of the jejunal 
loop and transversal are shown. 


The right half of the colon is transferred behind the sternum isoperistalti- 
cally so that the cecum is left retrosternally and the part of the ileal loop is 
brought out in the neck. The transposition of the right half of the colon behind 
the sternum was performed on 15 patients with no deaths. 

TRANSPOSITION OF THE LEFT COLON 

If it appears by laparotomy that the left half of the colon is of sufficient 

length, it may be used for making the artificial esophagus. For this purpose 
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the splenic flexure of the colon and the descending colon are mobilized and only 
the left colic artery is ligated. As in the right half of the colon, the large trunk 
of the mid-colic artery is preserved to insure a satisfactory blood supply. 

After intersecting the transverse colon and the initial part of the sigmoid 
flexure, the mobilized part is transferred upward in an antiperistaltic direction. 
The continuity of the intestinal tract is restored by end-to-end anastomosis. 





a ¢Octta 
‘se 


Fig. 3.—Transposition of the left half of the colon. The lines of dissection of the left half 
and transversal are shown. 

We have completed 8 operations with the left half of the colon transferred 
into the anterior mediastinum with two fatalities. One male patient died 
from rupture of the end-to-end anastomosis, although neomycin was used; 
one young girl died from subdiaphragmatie abscess after rupture of the 
gastrocolic anastomosis. Evidently, the pathogenic microflora is of great impor- 
tance. In creating an artificial esophagus from a jejunal loop, we never had simi- 
lar complications in several hundred eases. Unfortunately, the left half of the 
colon cannot be used on all occasions. Four times we could not bring it out 
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to the neck. It was too short and the distribution of the vessels was not con- 
venient. The mortality rate analysis shows also that end-to-end anastomosis 
of the colon is more risky than ileotransverse or than the jejunal anastomosis. 

There are several methods of transposition of the colon. The operation 
can be completed in one stage or it may be divided into several. We have tried 
different methods and prefer to perform the operation in several stages. 

The simplest method consists of transfer of the right half of the colon 
with the cecum and a part of the ileal loop into the anterior mediastinum 
followed by the ileotransverse anastomosis, without intersecting the transverse 
colon. 

At the second stage the plastic operation is performed in the neck, which 
is sometimes difficult to do when there is a stricture of the proximal esophagus. 
When normal swallowing is established through the mouth, we proceed to the 
third stage: the laparotomy is repeated, and the transverse colon is divided and 
anastomosed with the stomach. The distal end of the transverse colon is closely 
oversewed because of the ileotransverse anastomosis. It stands to reason that in 
dividing the transverse colon it is necessary to avoid ligating the vessels of 
the mesentery. 





Fig. 4.—The left half of the colon is brought out and put on the chest 


When using the left half of the colon, the operation is also divided into 
stages. The colon is drawn up to the neck in an antiperistaltic direction. There. 
fore it is necessary to divide the loop immediately and to anastomose it with 
the stomach. The gastrostomy must be closed, which is a disadvantage, since 
a fistula might open in the neck. Therefore at the first stage also the lower 
end of the colon could be tightly closed. Afterward, when the plastic operation 
is completed in the neck, the laparotomy is repeated and the colon is anasto- 
mosed with the stomach. 

What are the functional results of the artificial esophagus made from je 
junum and colon? 

The retrosternal esophagus from jejunal loop after the operations were 
completed shows perfect functioning results and it seems nothing else could be 
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desired. But sometimes there are too many loops and roentgenography shows 
that they collect in the lower part of the tunnel, which slows down the passage 
of food. 

The creation of esophagus from the right half of the colon with a part of 
jejunal loop is unusually attractive due to its technical possibilities. The op- 
eration proceeds perfectly. The blood supply remains intact. The ileotrans- 
verse anastomosis offers little risk of rupture. But it appears that the ileocecal 
valve does not help but even hampers the process. Evidently, it cannot accom- 
modate the passage of a compact lump of food, since even in normal conditions 
only liquid passes through. 

Indeed, some of our patients complained of spasms and stopping of food 
in the region of the ileoceecal valve. Although the left half of the colon is 
transferred in an antiperistaltic direction, it is thinner than the right half, 
is straighter, and is easily brought out to the neck between the ends of the 
sternocleidomastoid muscles. 

Clinically and roentgenologically the left colon functions perfectly, even 
better than the jejunal loop. It is true that we have had only 5 patients under 
observation using the left colon to date, but all have good functional results. 
Unfortunately, when transferring the right as well as the left half of the colon, 
fistulas in the neck may appear, which heal more slowly, at least not as well as 
with a jejunal loop. However, not one patient has complained of a bad taste 
in the mouth or belching. 

So, we arrive at the conclusion that, if the blood vessels of the mesentery 
of the jejunum are favorably placed and when the risk of necrosis is lowered 
as much as possible, it is more favorable to use a jejunal loop for the retro- 
sternal operation from the functional point of view. 

The left half of the colon is preferable to the right one. It functions well. 
Unfortunately, owing to its shortness, its mobilization is not always possible. 

The mobilization of the right half of the colon with a part of jejunal loop 
is nearly without risk of necrosis because of its perfectly good blood supply even 
at its highest transposition to the neck. However, the functional results of 
jejunal loop are better. This is due to the bad influence of the ileoceeal valve. 
It is necessary to find some means to do away with this obstruction. 

The possibilities of creating an artificial esophagus have certainly increased. 
We are continually nearing the possibility of making the retrosternal operation 
less risky and achieving more perfect functional results. 


SUMMARY 


An analysis is given of 78 operations of retrosternal artificial esophagus, 
created from a jejunal loop in 55 patients and from the colon in 23 patients. 


Funetional results are reviewed. 
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USE OF INTACT OMENTUM FOR CLOSURE OF FULL-THICKNESS 
ESOPHAGEAL DEFECTS 


THomAS C. Moore, M.D., AND JAN GOLDSTEIN, M.D., INDIANAPOLIS, IND. 


(From the Department of Surgery, Indiana University Medical Center) 


HE greater hazard of operative procedures carried out on the esophagus 

in comparison with similar efforts involving the stomach and intestine is 
well known. This greater risk is due largely to an increased incidence of 
anastomotic suture line leakage and disruption. The nature of the predom- 
inantly longitudinal esophageal musculature and the absence of a serosal coat 
contribute to this diminished suture line integrity. The more tenuous eso- 
phageal blood supply and the absence of potentially reinforcing structures, 
such as omentum and adjacent intestine, are also factors. 

The usefulness of omentum in reinforcing questionable intestinal suture 
lines and in walling off and localizing potentially dangerous inflammatory 
processes and gastrointestinal perforations has been recognized by surgeons 
for many years. <A recent study from this laboratory by Hardin, Su, and 
Battersby” has demonstrated the suitability of a plug of intact omentum for 
the closure of an open duodenal stump in dogs following partial gastrectomy 
and gastrojejunostomy. 

Thompson and Pollock® and Westermeyer* have reported the use of free 
omental grafts in esophageal surgery. Holman and MeSwain,’ in 1942, de- 
seribed the clinical and experimental utilization of intact omentum to rein- 
force anastomoses between the stomach and esophagus. The present study 
was earried out to evaluate the suitability of intact omentum for the closure 
of relatively large full-thickness defects of the lower esophagus. The omentum 
was brought into the chest through an opening in the diaphragm. 


MATERIAL AND METHODS 


Healthy mongrel dogs were used. An effort was made to limit the oral 
intake of liquids and solid food for a short period prior to operation. In- 
travenous Pentothal was utilized for anesthesia. Oxygen was administered 
through an endotracheal tube by means of a mechanical respirator. The 
lower left pleural cavity was entered through an intercostal incision. The 
lower esophagus was mobilized and secured between Potts coarctation clamps. 
An oval full-thickness defect of standard size, measuring approximately 2.5 
by 2 em., was made by resecting a segment of esophageal wall (Fig. 1). The 
—— in part by grants from the National Heart Institute of the Department of 
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Potts coarctation clamps were useful not only for manipulation of the esoph- 
agus, but also in the control of bleeding along the margins of the defect and 
the prevention of possible contamination of the pleural cavity and area of 
operation by gastric and upper esophageal contents. 

The tendinous portion of the diaphragm was opened and a segment of in- 
tact, viable omentum was brought into the left pleural cavity. The segment 
of omentum was secured to the margins of the defect and the adjacent eso- 
phageal musculature by interrupted sutures of 5-0 arterial silk. No effort 








Fig. 1.—Photographs showing the standard type of esophageal defect created (A) before, 
and (B) after closure with intact omentum brought through a hole in the diaphragm. The 
diaphragm is closed around the omental pedicle with interrupted silk sutures. 


was made to thrust omentum into the lumen of the esophagus. Upon com- 
pletion of the closure and release of the occluding Potts coarctation clamps, 
the opening in the diaphragm was narrowed with interrupted sutures of 3-0 
silk to an area large enough to permit only the passage of the omental pedicle 
without undue constriction. The omental pedicle was secured to the margins 
of the newly created diaphragmatic hiatus by several interrupted sutures of 
5-0 arterial silk. The left thoracotomy incision was closed in layers and a 
catheter left in place during the closure was aspirated and withdrawn. 
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The animals were given nothing by mouth for the first 24 hours after 
operation. On occasion, intravenous fluids were given during this period. 
Kor the following 10 days, they were given only milk by mouth. <A soft meat 
diet then was given for one month prior to the resumption of a regular dict. 
Intramuscular penicillin, 200,000 units a day, was given for the first 5 days 
after operation. 

RESULTS 

The operation was carried out, as described, in 39 consecutive animals. 
Conditions were encountered at the time of operation in 7 animals which led 
to the designation of these animals as poor risks and the procedures as un- 
suitable tests of the adequacy of omentum for the closure of the type of eso- 
phageal defects created in this study. The difficulties in these animals were 
due either to inadequate preoperative preparation with excessive amounts of 
solid food or liquids in the stomach and esophagus, or to an abnormally small 
amount of available omentum to close the defects without undue tension. 
These animals were designated poor risks at the time of operation and the 
results in this group. will be considered separately. 

The operation was regarded as a satisfactory test of the omental closure 
in 32 dogs. The closure was successful with survival of the animal in 28. One 
animal died in the early hours after operation due to inadequate re-expansion 
of the lungs with pneumothorax. Three animals died with empyema from 2 to 
7 days following operation and were regarded as failures. However, gross 
disruption of the omental closure was not discovered in any of the 3. 

The appearance of the defect closure and the nature of the healing process 
were investigated by postmortem examination at varying intervals following 
operation in those animals with successful defect closures. Except for 1 
animal in which a sponge had inadvertently been left behind at the time of 
defect closure, empyema was not encountered in this group. The defect 
closure was examined from 10 to 21 days after operation in 5 dogs, from 28 
to 45 days in 9, from 52 to 91 days in 7, and from 96 to 112 days in 7. A 
progressive narrowing and contraction of the defect with the passage of time 
were noted (Figs. 2, 3, and 4). The omental plug sealed the defect satisfac- 
torily and a significant diminution in the size of the defect was produced in 
the early days and weeks after operation. Healing generally appeared to be 
complete, grossly, between 2 and 3 months following defect closure. At times, 
some residual defect remained as a small rectangular area of omental plug 
covered with epithelium. More often, only an irregular linear or stellate sear 
remained. Reduction or distortion in the size of the esophageal lumen at the 
site of defect closure was not found. 

Of the 7 poor-risk animals, designated at the time of operation as unsuit- 
able tests of the procedure, 4 died from 2 to 14 days after operation with 
empyema. Despite the unfavorable circumstances, the defect closure was 
successful with survival of the animal in 3, One dog was alive and doing well 
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Fig. 2.—Photographs before (A) and after (B) opening of the autopsy specimen of esoph- 
agus 1 month after operation. The omentum has become firmly attached to the esophagus and 
considerable contracture of the closed defect has occurred. A few sutures are visible in the 
area of defect closure. 
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Fig. 3.—Appearance of esophageal defect closure with intact omentum at autopsy 2 
months after operation with the esophagus closed (A) and open (B). The area of defect clo- 
sure (arrows) has become contracted and epithelized. 
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Fig. 4.—Photograph showing postmortem appearance of esophageal defect closure with 
esophagus closed (A) and open (B) 3 months following operation. The defect closure area 
may be seen from the lumen as an irregular, stellate scar (arrows). 












wean $5 INTACT OMENTUM FOR CLOSURE OF ESOPHAGEAL DEFECTS 903 
when examined 3 weeks following operation. This animal subsequently dis- 
appeared from the colony. Adequate defect closure was observed at post- 
mortem study in the other 2 animals, 42 and 56 days after operation. A small 
granuloma was found in the area of defect closure in one of them. 

Disruption of the closure of the diaphragm with the formation of a 
rather significant diaphragmatic hernia was encountered at autopsy in 6 
animals. This occurrence was most likely due to undue tension from the 
omentum on the greater curvature of the stomach, coupled with inadequate 
closure of the diaphragm. Five of these 6 diaphragmatic hernias occurred in 
animals operated upon during our early experience with the procedure. 
Greater care in closure of the diaphragm has eliminated this complication 
in subsequent animals. 

DISCUSSION 

Perhaps the greatest use of intact omentum has been in attempts at ‘‘revas- 
eularization” of ischemic organs and for closure of defects and perforations 
in the gastrointestinal tract. It has been employed in efforts to achieve renal 
‘‘revascularization’’ in the management of hypertension presumed to be due 
to renal ischemia and to obtain hepatie vascular communications in the control 
of portal hypertension due to hepatie cirrhosis. Walters,® in 1937, reported 
the successful use of a flap of intact omentum in the closure of rectovaginal 
fistulas in 2 cases. The successful extra-abdominal use of a rather large seg- 
ment of intact omentum on a pedicle to cover a large, traumatic forearm de- 
fect was described by Cannaday.' 

The intrathoracic use of intact omentum has been recorded by O’Shaugh- 
nessy* and others in attempts to bring about myocardial revascularization 
in the management of coronary arterial insufficiency. While the adequacy 
of the myocardial revascularization resulting from cardio-omentopexy may be 
questioned, this work did demonstrate that a rather sizable amount of intact, 
viable omentum could be brought into the chest through a small opening in 
the diaphragm for use in that area. 

The use of free omental grafts in esophageal surgery has already been 
mentioned. Thompson and Pollock applied free omental grafts experimentally 
in dogs to a variety of intrathoracic organs including pleura, lung, bronchus, 
esophagus, vena cava, and aorta and reported a high incidence of “takes.” 
Free omental grafts were used by them to reinforee end-to-end anastomoses 
of the lower esophagus in 5 dogs. Suture line leakage occurred in one of the 5. 

Holman and MeSwain described the use of intact omentum in one ease to 
reinforce an esophagogastric anastomosis. This experience prompted them 
to investigate the suitability of intact omentum in the experimental rein- 
forcement of esophagogastric anastomoses carried out with the Murphy 
button. Reinforcing omentum was not used in a group of 9 dogs and a leak 
occurred in 5 of them, whereas a leak was encountered in only one of 7 dogs 
in which reinforcing omentum was employed. 

The experience in this study suggests that intact, viable omentum, brought 
on a pedicle through the diaphragm, may be used for the closure of relatively 
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large full-thickness defects of the lower esophagus with expectations of sue- 
cess. It is of interest that the omentum was secured to the margins of the 
defect with a limited number of interrupted sutures and that no effort was 
made with the placement of the sutures to secure a water-tight closure of 
the defect. The omentum was not thrust into the lumen of the esophagus 
but was secured to the margins of the defect and the adjacent esophageal 
musculature. Successful closure of the defect without empyema was achieved 
in 28 of 31 definitive, adequate test operations. Success also was obtained, 
somewhat surprisingly, in 3 of 7 dogs that were designated at the time of 
operation as poor risks and inadequate tests of the procedure, due to grossly 
unsatisfactory preoperative preparation of the animal or insufficient amount 
of omentum for defect closure without undue tension. Even in the small 
number of animals that died of empyema and were regarded as failures, no 
disruption of the omental closure could be demonstrated. These findings would 
appear to suggest that the use of intact omentum for the closure of esophageal 
defects and the support of esophageal anastomoses and closures of dubious 
integrity is worthy of clinical trial. 


SUMMARY 


The literature pertaining to some of the uses of intact omentum is re- 
viewed briefly. The experimental use of intact omentum to close relatively 
large full-thickness defects in the lower esophagus in dogs is described. The 
omentum was brought into the left chest through a hole in the diaphragm and 
was secured to the margins of the defect and to adjacent esophageal muscu- 
lature with interrupted sutures of fine silk. This method of esophageal defect 
closure proved to be surprisingly effective. It was employed in 39 consecutive 
dogs. Suecessful defect closure with progressive healing and absence of 
empyema was achieved in 28 of 31 suitably prepared dogs with an adequate 
amount of omentum. The nature of the failures and the experiences with the 
poor-test-of-operation group are discussed. Defect healing oceurred with 
progressive diminution in defect size. From these observations, the elinical 
use of intact omentum for the closure of esophageal defects and the support 


of questionable esophageal anastomoses would appear to be justified. 
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EVALUATION OF RESPIRATORY FUNCTION IN SURGICAL 
PATIENTS: IMPORTANCE IN PREOPERATIVE PREPARA- 
TION AND IN THE PREDICTION OF PULMONARY 
COMPLICATIONS 


FRANK J. Vertu, M.D.,* Boston, Mass., AND ANGELO G. Rocco, M.D.,** 
West Roxsury, MAss. 


(From the Surgical Service, Vetcrans Administration Hospital, West Roxbury, and Harvard 
Medical School, Boston) 


TTENTION to well-known details of postoperative care has resulted in a 
A decreased incidence of pulmonary complications... Such complications, 
nevertheless, continue to be a significant cause of postoperative morbidity and 
mortality in all major surgery. A reasonable way to reduce them further lies 
in the preoperative detection and correction of ventilatory insufficiency. Al- 
though history, physical examination, and x-ray examination of the chest may 
suggest such insufficiency, evaluation based on these measures alone may fail to 
detect significant ventilatory defects in some patients.*;\* Two recently pro- 
posed methods which do provide a simple and accurate evaluation of pulmonary 
function are the cough analysis developed by Greene* and the ventilatory fune- 
tion testing system of Miller. These methods correlate well with “pulmonary 
risk.”” This term will be used throughout this paper to refer to a patient’s 
chance of developing postoperative pulmonary complications. 

The purpose of this report is to outline a simple program of preoperative 
pulmonary evaluation and therapy which employs these two methods. Case 
reports illustrating the value of this program will be presented. 


THE PROGRAM 


Regimen for Preoperative Pulmonary Evaluation—When first seen, all 
surgical patients are questioned specifically regarding smoking habits and for a 
history of exertional dyspnea, asthma, chronic or morning cough, and respira- 
tory infection. At the time of initial physical examination note is made of the 
anteroposterior diameter of the chest and the velocity and volume of chest 
excursion. Posteroanterior and lateral x-rays of the chest are obtained. 

All patients are then subjected to cough analysis by the method of Greene.* 
This is performed by observing a voluntarily induced cough which normally is 
single, brief, and dry. Induced coughs may be abnormal in one or both of two 
ways: they may be self-propagating or they may be wet. The former refers 
to the involuntary paroxysms which follow the initial voluntary cough; the 
latter refers to the productivity of the cough. An abnormal cough is rated on a 
scale of one to four according to these characteristics, 
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Patients with a history suspicious of pulmonary disease, patients with 
abnormal physical examinations or x-rays, or patients with abnormal induced 
coughs receive the quantitative pulmonary evaluation of Miller.6 This ventila- 
tory function testing system is based on two simple determinations: vital 
capacity (V.C.) and 0.5 second expiratory capacity (0.5 see, E.C.). Both of 
these are determined by having the patient expire forcibly from a position 
of maximum inspiration and measuring the amount expired in the first 0.5 
second (0.5 see. E.C.) and the total amount expired (V.C.). Both values can 
be obtained with a Collins respirometer* or a Gaensler-Collins timed vitalom- 
eter.** These determinations require a minimum of patient cooperation and 
ean be conducted by a technician. To relate the patient’s function to predicted 
norms, these two values are plotted as the ratio of the patient’s vital capacity to 
the predicted vital capacity and as the ratio of the patient’s 0.5 second expira- 
tory capacity to the measured vital capacity. These two parameters have been 
chosen because all ventilatory insufficiency, regardless of source, is reflected 
either in a diminished vital capacity or in a decreased rate of pulmonary air 
flow of which the 0.5 second expiratory capacity is a measure. This system, 
therefore, provides a graphic representation of the nature and degree of a 
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Fig. 1.—Ventilatory function testing system of Miller which provides graphic delineation 
of pulmonary risk. Patients whose functional plot falls between lines AA’ and BB’ are poor 
pulmonary risks; those whose functional plot is above line AA’ are good risks; and those 
below BB’ are prohibitive risks. Limits of normal for the 2 ratios depicted as coordinates 
have been established. If an individual cannot expire 60 per cent of his determined vital 
capacity in 0.5 second, he has a ventilatory defect of the obstructive variety. If an individual 
has a vital capacity of less than 85 per cent of his predicted normal, he has a ventilatory 
defect of the restrictive variety. (Modified after Miller.*) 














patient’s ventilatory inadequacy. Fig. 1 shows Miller’s method of plotting and 
delineates the limits between good and poor, and between poor and prohibitive 
pulmonary risk. Miller derived these limits in a study of 24 patients. Those 
whose funetional plot lay above line AA’ did not develop major pulmonary 






complications whereas those whose plot fell between line AA’ and BB’ developed 
such complications. Patients whose plot fell below line BB’ were considered 







prohibitive pulmonary risks and on the basis of more extensive pulmonary 





evaluation were denied operation.® 
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We have employed this graphic method as a guide to surgical planning, 
and as an indication for pulmonary therapy. All patients outside the normal 
quadrant in Fig. 1 as well as those with a positive cough analysis are placed 
on the following therapeutic regimen. 

Regimen for Improving Respiratory Function Preoperatively.— 

a. Cigarette smoking is stopped completely. 

b. A wetting agent (Alevaire, 2 ¢.c. four times a day) and a bronchodilator 
(Isuprel, 0.5 ¢.c. four times a day) are administered. These can be given to 
most patients by means of a nebulizer attached to an ordinary oxygen mask 
such as the O.E.M. unit.’ In patients with severe ventilatory insufficiency, 
however, an intermittent positive pressure respiratory assistor (IPPB) is 
necessary to insure adequate delivery of the aerosol as shown by Wu.’ If the 
mask-nebulizer unit is used, the expiratory-inspiratory-pause method should be 
employed. With this method the patient expires, then slowly inspires, and 
pauses before the next expiration.® 

e. An attempt is made to control specific respiratory infection by obtaining 
sputum cultures, determining antibiotic sensitivity, and administering appro- 
priate antibioties. 

d. Clearing of secretions is promoted by expectorants (for example, syrup 
of hydriodie acid) and postural drainage. A mucolytic enzyme, pancreatic 
dornase (Dornavae, 50,000 to 100,000 units), is used to liquefy tenacious secre- 
tions. This is administered by nebulizer each morning. 

e. Patients are trained to cough effectively and to make full use of the 
diaphragm and intercostal muscles in breathing. 

f. Patients with bronchospasm are given an aminophylline suppository 
(500 mg.) on the night prior to and on the morning of operation. 

2. Respiratory toilet is encouraged on the morning of operation. The 
patient uses the IPPB respirator with medications, walks at least 100 feet, and 
coughs vigorously before receiving preanesthetic medication. If the patient 
has hitherto required several hours in the morning to clear the overnight ac- 
cumulation of secretions, operation is scheduled for late in the morning or early 
in the afternoon. 

CLINICAL MATERIAL 

During the 6-month period since the initiation of this program at the West 
Roxbury Veterans Hospital, 250 patients were scheduled for major surgery. 
These patients were all men. Al] categories of physical status were represented 
(Table I). The anesthetics given and type of operation performed may be 
seen in Table II. Preanesthetic medication was sufficient only to insure psyehie 
sedation. Nareotics were avoided if possible. Secobarbital and scopolamine 
were the drugs most commonly used. Postoperatively all patients were placed 
on a stir-up regimen and given only minimal amounts of analgesic drugs. The 
diagnosis of atelectasis or pneumonitis was based on a temperature over 101° F., 
together with x-ray or physical findings consistent with decreased aeration or 
consolidation. 
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TABLE I. AGE AND PHYSICAL STATUS OF THE 250 PATIENTS EVALUATED 





PHYSICAL STATUS 














AGE GROUP l 2 | 3 | 1,5,6 
20-29 32 fo i ns pe 
30-39 41 9g 5 
40-49 22 10 2 3 
50-59 17 21 2 8 
60-69 9 42 12 2 
70-79 a l 2 

Total 121 9] 17 - 2] - 





*Graded according to Saklad.? 


TABLE IT. ANESTHETICS GIVEN TO AND OPERATIONS PERFORMED ON PATIENTS EVALUATED 





Anesthetics.— 


Spinal or epidural S4 
Nitrous oxide, thiopental, curare, alphaprodine 74 
Nitrous oxide, thiopental, curare, cyclopropane 5d 
Cyclopropane, ether, curare 25 
Spinal or epidural, and general anesthesia 9 
Hypothermia and general anesthesia l 

Total 248 

Operations.— 

Lower extremity and hernia, perineal 110 
Upper abdominal (stomach and gall bladder) +] 
Head and neck, spinal column 3 
Lower abdominal (colon and prostate) 21 
Kidney and lumbar sympathetic 18 
Thoracic 16 
Abdominal vascular surgery 8 


Total 248 





RESULTS 





All 250 of these patients received the sereening evaluation previously 
deseribed. Forty-eight (19 per cent) of these patients had a sufficiently sus- 
picious screening evaluation to warrant quantitative testing. Forty of the 
48 patients so evaluated had significant ventilatory defects and were placed 
on the therapeutic regimen. The duration of therapy varied from 3 to 21 days. 
Improvement in induced cough, ventilatory function studies, or both was noted 
in 35 of the 40 patients (Cases 1 and 2 are examples). Five patients showed 
no improvement. During this period 2 patients were refused elective surgery 
for benign disease because pulmonary function even after therapy continued 
to be poor. Only 2 of the 250 patients developed postoperative atelectasis or 
pneumonia. One of these 2 died from extensive bronchopneumonia following 
an esophagectomy. 


CASE REPORTS 












CASE 1.—D. G. (W.R.V.A.H. No. 22250), a 66-year-old man, entered for evaluation of a 
right upper lobe pulmonary lesion. The patient had smoked 30 cigarettes a day for 25 years 
and had a cough for that length of time. The anteroposterior diameter of the chest was 


increased, but expansion was normal. Wheezes were audible bilaterally. Chest film sug 


gvoested 


emphysema and showed increased bronchial markings at the bases. Induced cough was 2 plus 
self-propagating and 1 plus productive. The initial V.C. was 2,900 ¢.c. (90 per cent of 
predicted normal); the initial 0.5 see. E.C. was 875 e.c. (30 per cent of determined vital 


capacity), After 8 days on the therapeutic regimen, the V.C. rose to 3,100 ¢.c. (98 per cent), 
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and the 0.5 sec. E.C. to 1,350 ¢.c. (43 per cent) (Fig. 2). The induced cough became 
normal. The patient then underwent a wedge excision of the lung for a_ bronchogenic 
adenocarcinoma with nodal metastases. The postoperative course was without pulmonary 


complications. 


CasE 2.—H. R. (W.R.V.A.H. No. 22099), a 54-year-old man, was a candidate for 
mitral valvuloplasty. Left heart catheterization revealed a gradient of 20 mm. Hg across 
the mitral valve and a calculated valve area of 0.43 sq. cm. However, the patient had a 
history of recurrent bronchitis and bronchopneumonia and a past history of asthma. He 
smoked one package of cigarettes a day. Induced cough was 2 plus self-propagating and 
3 plus productive. He had a vital capacity of 3,000 ¢.c. (88 per cent) and a 0.5 sec. E.C. 
of 1,000 cc. (33 per cent). With no change in the cardiac regimen of digitalis, bed rest, 
low-sodium diet, and mercurial diuretics, he was placed on the pulmonary regimen. Within 
4 days the cough ceased to be self-propagating and became only 1 plus productive. Vital 
capacity had risen slightly to 3,150 ¢.c. (92 per cent), but 0.5 sec. E.C. had risen to 1,775 e¢.e. 
(59 per cent) (Fig. 2). The patient underwent valvuloplasty successfully. There were no 


postoperative pulmonary complications. 
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Fig. 2.—Lines J and IJ refer to case reports 1 and 2, respectively. Points A are 
apy; points B are after therapy. 

Comment.—tIn both these patients the improvement in ventilatory function 
was apparent. We believe the patients’ chances of developing postoperative 
pulmonary complications were decreased accordingly. In the first ease ventila- 
tory insufficiency stemmed from bronchopulmonary disease alone. The second 
case was more complex because the ventilatory defect may have arisen both 
from cardiae and from intrinsie bronchopulmonary disease. Since the patient 
Was on a constant cardiac regimen, however, the functional improvement and 
the presumed resultant decrease in pulmonary risk arose largely from an im- 
provement in bronchopulmonary disease. 


DISCUSSION 


We have used the cough analysis and the ventilatory funetion testing 
system with satisfaction as indications for application of a regimen of pre- 
operative pulmonary therapy. Because of an active therapeutic program and a 
low incidence of complications, we have not attempted to correlate preoperative 
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evaluation with postoperative complications in treated and untreated patients. 
Greene* has demonstrated, however, that such complications are nine times 
as common in patients with abnormal induced coughs as in those without. <A 
similar correlation between the quantitative evaluation of pulmonary ventilation 
and pulmonary risk has been established by the previously outlined work of 
Miller® and by others. We believe these correlations to be reasonable since the 
prime etiologic factors leading to pulmonary complications are (1) bronchial 
hypersecretion usually resulting from the irritation of tobacco or infection, and 
(2) the inability to clear secretions by coughing. Cough analysis is a direct 
measure of the first factor; the quantitative evaluation reflects both factors since 
the 0.5 second expiratory capacity is a measure of the obstructive effect of 
secretions and of the ability to produce a rapid voluminous expiratory effort, 
that is, a cough. 

By providing a good measure of relative pulmonary risk preoperatively, 
this regimen of evaluation serves three purposes: First, it adds a quantitative 
value to the many clinical impressions that the surgeon and internist must weigh 
in deciding for or against operation in every patient. Second, it allows for the 
selection of patients whose pulmonary vulnerability is great enough to justify 
eareful preoperative respiratory preparation. Time thus spent is akin to time 
spent in the restoration of cardiac compensation or in the preparation of the 
bowel prior to surgery. Third, by repeating the evaluation at intervals, the 
patient’s progress can be followed. Serial evaluation provides a measure of im- 
provement in respiratory function and accordingly reflects the resultant diminu- 
tion in pulmonary operative risk. 

Although the group of patients presented is not sufficient to demonstrate 
the value of this program on a statistical basis, it does point out the prevalence 
of significant pulmonary risk in a group of general surgical patients. Further- 
more, because of the correlation of ventilatory function with pulmonary risk, 
the results suggest that proper therapy will lower morbidity and mortality. 


SUMMARY 


1. A plan for preoperative pulmonary evaluation employing the cough 
analysis technique of Greene and the ventilatory function testing system of 
Miller has been presented. This regimen comprises a screening component for 
all preoperative patients and a quantitative component for patients with posi- 
tive screening evaluations, 

2. A regimen of preoperative pulmonary therapy designed to improve 
ventilatory function and to lessen the risk of pulmonary complications has been 
presented. 

3. Experience with this program in the preoperative evaluation and treat- 
ment of 250 patients has been presented. 


We wish to thank Drs. Richard Warren, Leroy D, Vandam, and William F. Miller for 
their advice and criticism in preparing this manuscript. 
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CARCINOMA OF THE BREAST 


JOHN E. SKANDALAKIS, M.D., STEPHEN W. GRay, PH.D., ALLEN Macris, M.D., 
WiuuiAM E. MitcHE.i, M.D., W. PERRIN NICOLSON, JR., M.D., AND 
FLoyp W. McRag, M.D., ATLANTA, Ga. 
(From the Department of Surgery, Piedmont Hospital, Atlanta, Ga., the Department of 


Surgery, St. Joseph’s Infirmary, Atlanta, Ga., and the Department of Anatomy, 
Emory University, Atlanta, Ga.) 


O satisfactory set of principles governing the treatment of carcinoma of the 

breast exists today. Supraradical, radical, simple mastectomy, radiation, 
hormonal dependency, and biologic predeterminism are among the controversial 
matters which bombard the surgeon at every turn. Many of these aspects are 
touched upon in this paper. sIt was written as an attempt to resolve some of 
the confusion which exists concerning malignant tumors of the breast. Re- 
sponsibility for patients demands better scientific management. Even though 
the paper is based on statistical analysis, it is not designed merely to add new 
statistical data; nor is any simple rule-of-thumb proposed. The surgeon must 
still exert his judgment in each case presented to him. 


MATERIAL 





Three hundred and fifty-seven cases of breast cancer among private hospital 
white patients, operated on between the years 1925 and 1954, are discussed in 
this paper. While more than 40 surgeons participated in the series, over 60 per 
cent of the operations were performed by two of us (Floyd McRae and W. Perrin 
Nicolson, Jr.). All but a few of the patients were residents of the Atlanta area. 

The eases are reviewed as to age and sex of the patient, location and time 
of discovery of the lesion, the influence of heredity and childbearing, the in- 
cidence of metastases, the type of therapeutic procedure, and the relation of 
these factors to the survival of the patient. 

Age and Sex Distribution.— 

Despite the relatively small size of the series, the age distribution of the 
patients is very similar to that of 9,649 cases from the Mayo Clinic,’ 1,034 from 
the University of Pennsylvania Hospital,’ 9,299 from the state of Connecticut," 
and the two Publie Health Surveys of Atlanta in 1937°* and 1947.° As might 
be expected from a series of private patients, the distribution is shifted slightly 
toward the younger ages. There are slightly more in the 30 to 40 age group, and 
fewer in the 60 to 70 age group than in the larger surveys. 

The youngest patient was aged 23, and the oldest 87; the greatest number 
were in the 40 to 49 year age group. The distribution is shown in Table I. 
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TABLE I. AGE DISTRIBUTION OF 353 CASES OF BREAST CANCER IN WHITE WOMEN 
(ATLANTA, GA., 1925-1954) 














AGE | NUMBER | PER CENT 
80-89 8 2.30 
70-79 26 7.47 
60-69 51 14.66 
50-59 91 26.15 
40-49 104 29.60 
30-39 60 16.38 
20-29 5 1.15 
Unknown 8 2.30 
Totals 353 100 





There were 4 cases of breast cancer in male patients. This is 1.12 per cent 
of the total. The Public Health Survey of 1937°7 showed one ease in Atlanta 
that year (0.31 per cent), while that of 1947° showed none. The percentage for 
the United States in the 1947 survey was 1.054. Southern cities had fewer such 
cases in 1947 than did Northern or Western cities. Lewison** cites 6 series, both 
American and foreign, in which incidence in the male ranges from 0.9 to 2.2 
per cent of all breast cancer. 

All of these male patients were over 50 yeafs of age. One survived 3 
months, 2 survived 3 years, and one is still living with no evidence of disease 
5 years after operation. (In one patient surviving 3 years, both sides were 
involved.) In each case, radical mastectomy had been performed. 














BOTH BREASTS 
4.93% 
(17 Cases) 
RIGHT BREAST LEFT BREAST 
46.38 % 48.70% 
(160 Cases) (168 Cases) 

_ Fig. 1.—Percentage distribution of lesions by location (345 cases). Figures within the 
outline of the breast refer to the per cent incidence for the 4 quadrants and the center; 
figures outside the outline refer to the per cent incidence of lesions described as outer half, 
lower half, and so forth. 

Location of the Lesion.— 

The most frequent site of the lesion was the upper outer quadrant of the 
breast, with the upper inner quadrant next. The distribution, shown in Fig. 1, 
is in essential agreement with Boyd and his associates,‘ Harnett,‘ and most 
other series. The upper portion of the breast had lesions roughly two and one- 
half times as often as did the lower portion, 
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There is a marked difference between the mortality attending lesions in the 
various portions of the breast. The inner lower quadrant, although the least 
frequently involved, was the site resulting in the greatest mortality. The outer 
lower quadrant, with an almost equally low ineidence, was the site having the 
best prognosis. The patients with no evidence of disease 5 years after operation 
had a higher than average incidence of lesions in this outer lower quadrant. The 
figures indicate a shift in the mortality rate for the various locations after the 
age of 50. As mentioned earlier, there is an over-all decline in mortality from 
the disease after this age. The most notable shift is in lesions of the upper half 
of the breast. Lesions in this area, which resulted in only 49.5 per cent survival 
for 5 years after surgery among the younger women, resulted in 74.5 per cent 
survival among those past the age of 50. In the lower half of the breast, the 
increase was from 46.4 to 63.1 per cent. The comparison between the two age 


groups is shown in Fig. 2. 





LATERAL MEDIAL 


100.0 


UNDER AGE 50 


76 CASES 
39 DIED LESS THAN 
5 YEARS AFTER 
OPERATION 





33.3 


OVER AGE 50 


J 66 CASES 
19 DIED LESS THAN 

5 YEARS AFTER 

OPERATION 





change Cocirring: ip patients oStrael Hy Wepre ieee gates ne aed within: § years 
after operation. (Schema as in Fig. 1, but values for both breasts combined. ) 

There was no indication that the distribution of the lesion in patients with 
axillary metastases (the only single metastatie site with enough cases for evalu- 
ation) differed at all from that of patients with metastases elsewhere. Fig. 3 
shows this comparison. 

In the present series, there were slightly more lesions in the left breast than 
in the right (105:100). Strangely enough, the patients operated upon before 
age 50 had fewer lesions on the left (92:100) while the older patients had many 
more (120:100). There was no evidence of a difference in the survival rate be- 
tween lesions of the two sides. 

Busk and Clemmeson® in their Danish series showed a greater difference 
between left and right lesions (111:100). This same difference was found in 
England by Harnett'* and among nonwhite women in the United States by Dorn 
and Cutler.11 White women in the United States had slightly fewer lesions on 
the left than nonwhites (108 :100). 

No satisfactory explanation has been offered yet for this higher incidence 
of involvement of the left breast. When trauma was still considered an etiologic 
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factor in breast cancer, Lane-Claypon”® collected evidence that injury occurred 
more often to the left than to the right breast by a ratio of 92:60. Unfortunately 
for this argument, trauma may lead to discovery of a tumor, but can no longer 
be considered to cause one.’ Only 14 of the patients in the present series re- 
ported antecedent trauma to the breast (presumably to the one affected). 

Involvement of both breasts was found in 17 patients (4.94 per cent) of the 
series. Harrington’ reported 3.2 per cent, Desaive® found 8.02 per cent, while 
Harnett found only 0.3 per cent. The actual figure in any series depends upon 
the duration of the follow-up available. 


PERCENTAGE DISTRIBUTION OF LESIONS IN 
PATIENTS WITH NO METASTASES 5 YEARS AFTER OPERATION 





LATERAL MEDIAL 


>O 


NO METASTASES 
39 CASES 














PERCENTAGE DISTRIBUTION OF LESIONS IN 
PATIENTS WITH AXILLARY METASTASES 





12.14 P 12.1 


AXILLARY 
METASTASES 


33 CASES 

















_ Fig. 3.—The percentage of distribution of lesions in patients with no metastases and in 
patients with axillary metastases 5 years after operation. (Schema as in Fig. 1, but values 
for both breasts combined. ) 


Discovery of the Lesion.— 

The presenting complaint was pain in 20 cases of this series, nipple retraec- 
tion in 8, and the presence of a lump in 65 cases. Trauma was alleged in 14 
eases (7.95 per cent) and nipple discharge was present in 19 (10.80 per cent) 
in eases where records were available. The remainder were unstated. 

Of the 293 cases in which time of first discovery by the patient could be 
obtained, 41.6 per cent were operated on within one month, and 90.8 per cent 
within one year (Table II). The longest delay was 18 years. This is a marked 
contrast to the figures for a series of 905 charity patients from Atlanta (1924- 
1942) presented in an earlier paper by one of us (Nicholson**) in which only 
13.9 per cent were treated within 1 month, and only 72.9 per cent within the 
first year. 

The relation between survival time and early discovery is not encouraging. 
Of those patients who died of cancer less than 2 years after operation, 35.1 per 
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TABLE II. TIME FROM PATIENT’S DISCOVERY OF THE LESION TO OPERATION IN RELATION TO 
OUTCOME OF OPERATION : 








TIME OF TREATMENT AFTER | 
DISCOVERY (%) | 
! 











NUMBER OF PER CENT 
CASES OF TOTAL 1st MONTH | 1ST YEAR OUTCOME OF OPERATION 
37 12.6 35.1 91.9 Died of cancer under 2 years 
45 15.4 51.1 91.1 Died of cancer over 2 vears 
52 17.7 32.7 92.3 Alive 5 + years, free of 
disease 
40 13.7 55.0 87.5 Alive 5 + years not free 
of disease 
119 40.7 39.5 90.8 Alive with less than 5 years 
of record 
293 100.0 41.6 90.8 Totals 





cent had been operated upon within one month of discovery of the tumor. Of 
those who died more than 2 years later, 51.1 per cent were operated upon within 
one month. The difference is, however, not very significant (about a 20 per 
eent probability that the difference is due to chance: p = 0.20) and is further 
weakened by the fact that only 32.7 per cent of those alive with no evidence of 
disease 5 years later were treated in the first month. Of those treated in the 
first month, living over 5 years but not free from disease, the percentage was 
55.0 per cent. 

Among those who eventually died of their disease and had been treated 
within the first month, 43.9 per cent (36 cases) lived an average of 40.3 months 
after the operation. Of those treated over one month but less than 12 months 
after discovery, 36.6 per cent (30 cases) lived 31.7 months. Of those in whom 
delay was more than one year, 19.5 per cent (16 cases) lived an average of 34.0 
months. These differences are barely significant. Table II summarizes time of 
patient’s discovery prior to operation with relation to eventual outcome. 

Time elapsing from discovery by the patient to treatment by the surgeon 
has not appreciably decreased over the period of years covered by this study. 
Exeluding 5 extreme eases in which the disease was said to have existed for 
more than 5 years prior to operation, the mean time from the patient’s discovery 
to operation is shown in Table ITT. 


TABLE IIT. MEAN TIME FROM PATIENT’S DISCOVERY OF LESION TO OPERATION 
BY 5-YEAR PERIODS 








MEAN TIME 











NUMBER OF DISCOVERY TO OPERATION NUMBER OF CASES 
PERIOD CASES ( MONTHS ) EXCLUDED FROM MEAN 

1935-1939 21 6.81 
1940-1944 51 4.72 (1 over 5 years) 
1945-1949 91 7.97 (1 over 5 years) 
1950-1954 120 6.87 (3 over 5 years) 
1935-1954 283 6.70 3) 
ITeredity.— 


Ineidence of cancer in the patients’ families was determined for 152 eases. 
Of these, 65.1 per cent reported no cancer in the family, 26.3 reported one 
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parent or sibling as having cancer, and 8.6 per cent reported 2 or more. There 
was no difference between those who lived a longer or a shorter time, or who 
seemed cured. Table 1V shows the percentage in each group. 


TABLE LV. EVIDENCE OF CANCER IN FAMILIES OF 152 PATIENTS OPERATED UPON 
FOR CANCER OF THE BREAST 














| FAMILY HISTORY OF CANCER 














NEGATIVE POSITIVE 
PATIENTS (%) (%) 
Lived over 5 years 62.7 37.3 
Lived less than 5 years 67.7 32.3 
Died of cancer 65.8 34.2 
Free of disease 5 years 65.2 34.8 








This rate of almost 35 per cent with positive family history is much higher 
than the figures usually given. Lewison and Allen®? report 25.3 per cent, and 
the earlier study of charity patients in Atlanta** reported only 12.2 per cent. 
(It is likely that this latter figure is too low due both to ignorance of the patient 
about her family history and to confusion with euphemisms for cancer.) Hven 
Lewison and Allen’s noneancerous control group reported a rate of 14 per cent 
cancer in the family. 

Why the rate in this series should be so far above the expected rate is an- 
other matter. Without confirmation, it seems unreasonable to believe there could 
be a geographie difference, yet such may well be the case. That the 35 per cent 
is more than double the expected rate merely re-emphasizes the by now well- 
established conclusion (Jacobsen'®) that hereditary predisposition to breast 
cancer exists. 

Influence of Childbearing.— 

In 189 patients of the series, there was information on the number of chil- 
dren and misearriages. One or more live children were born to 113 patients, 
% more had had miscarriages only, and 67 reported no pregnancies. It was not 
possible to divide this latter group into married or unmarried women. 

Of these 189, 58 died of breast cancer. Forty-two (72.4 per cent) of those 
who died had had one or more pregnancies prior to operation. Of the 37 
women who were free of disease 5 vears later, only 18 (48.6 per cent) had ever 
been pregnant. 

Of all women who lived more than 5 years after operation, including both 
those considered cured and those who eventually died of the disease, 52.1 per 
cent (37) had borne children and 47.9 per cent (34) had not. In that group 
that died less than 5 years after operation, 32 (71.1 per cent) had borne chil- 
dren, and 13 had not. Restated in other terms: of all who had children, 53.6 
lived over 5 years after operation; of all who had no children, 72.3 lived over 5 
vears. These differences between the reproductive history of patients living more 
than 5 years and less than 5 vears after operation are statistically significant 
(p is less than 0.001, or one chance in 1,000 that the difference is accidental). 
Actual numbers and percentages of pregnancies in different groups of patients 


a 
. 


are shown in Table \ 
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TABLE V. EFFECT OF PREGNANCY AND CHILDBEARING ON POSTOPERATIVE RESULTS 
IN CANCER OF THE BREAST 











NUMBER NUMBER NUMBER PER CENT 
HAVING HAVING ONLY | HAVING NO | EVER | 
CHILDREN MISCARRIAGE CHILDREN PREGNANT | OUTCOME 
39 3 16 72.4 Died of cancer 
5 0 3 62.5 Died, unknown cause 
18 0 19 48.6 Lived 5 years, free 
of disease 
12 1 12 48.0 Lived 5 years, not 
free of disease 
39 5 17 72.2 Alive with less than 
5 years of record 
37 - 34 52.1 Total lived over 5 
years 
32 - 13 2 Total lived under 5 
years 








The incidence of death from breast cancer among the unmarried had been 
shown by Dorn’ and others to be higher than among the married, and, of the 
married, higher among the childless than among those with children. Within 
the childbearing period, however, the present series shows that women who have 
borne children are more vulnerable than women who have not. 

Logan** also observed that “ ... childbearing, or possibly the marital state 
itself seems to predispose to death from cancer of the breast.” The incidence 
among the childless is only slightly higher in the present series, but the 
progress of the disease seems to be slower among them than among those who 
have borne children. (It is interesting to note that those free of disease 5 years 
after operation had an average of 2.06 children per mother, while those similarly 
alive, but with metastases, had 2.77 children per mother.) Thus, while more 
childless women may die of breast cancer, it would appear that its onset is later 
in life and its progress is slower than in mothers. 

Incidence of Metastases.— 

Metastases occurred in 87.2 per cent of all who died from any cause and in 
94.3 per cent of all who definitely died of cancer. The rate for those alive over 
5 years but not free of disease was 34.9 per cent, while, for those whose records 
have not yet run for 5 years, metastases were found in only 27.9 per cent. To 
some extent, this last figure simply reflects the lack of time for metastases to 
manifest themselves. 

Table VI shows the distribution of metastases. Sites of metastasis were those 
usually found, with the following exceptions: One patient, aged 68, whose lesion 
was first found 8 weeks prior to operation, had metastasis to liver 26 months and 
to cecum 36 months postoperatively; one patient, aged 53, had metastasis to 
uterus 29 months postoperatively; one patient, aged 59, of 3 months’ preoperative 
duration, developed abdominal ascites 7 months after operation. All 3 had 
undergone radical mastectomy. 


Trradiation and Survival.— 


One hundred and thirty-two of the patients having a 5-year record were 
given x-ray therapy following their operations. This amounted to 67.7 per cent 
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TABLE VI. METASTATIC SITES AND OUTCOME OF OPERATION 






































NO PER CENT WITH 
METASTASIS | UNSPECIFIED GENERALIZED 
OUTCOME REPORTED METASTASIS | AXILLA | BONE LUNG OTHER* METASTASIS 
Died 15 11 13 25 11 27 23 88.0 
Alive over 5 years 
but not free of 
eancer 25 0 7 2 3 0 37.5 
Alive less than 5 
years of record 91 2 20 3 2 8 1 28.3 
Alive over 5 years 
free of cancer 55 0 0 0 0 0 0 0.0 
Totals 186 13 A() 30 16 38 24 46.4 
*Other Sites: Cases fewer than 3 
Brain only 8 Skin 
Brain and other 6 Larynx 
Liver only 3 Trachea 
Liver and other 3 Mediastinum 
Lung and other 7 Cecum 
Supraclavicular nodes 5 Uterus 


of the eases in which information was available. Among the patients under- 
going radical mastectomy, more of the longer-lived group received radiation than 
of the shorter-lived group. Most of the patients subjected to simple mastectomy 
who died less than 5 years later also had radiation therapy. About one-half of 
the longer-lived group were so treated. These results do not permit positive con- 
clusions. The greater frequency of radiation in short-lived patients of the simple 
mastectomy group probably represents palliative treatment of individuals con- 
sidered poor risks for a radical operation or patients whose disease had already 
become inoperable. Detailed figures are shown in Table VII. 


TABLE VII. IRRADIATION 








NUMBER CASES IRRADIATED 
| OF CASES NUMBER | PERCENT | OUTCOME 





TOTAL 














Simple mastectomy 29 14 48.3 Lived over 5 years 
Simple mastectomy 14 12 85.7 Lived less than 5 years 
Totals 43 26 60.5 

Radical mastectomy 79 58 73.4 Lived over 5 years 
Radical mastectomy 73 48 65.8 Lived less than 5 years 
Totals 152 106 69.7 





Survival Rates.— 

Rate of survival was calculated by the method described by Berkson and 
Gage,” and by the Connecticut survey." It is especially adapted to series such 
as the present one in which some patients have been lost to follow-up at varying 
lengths of time after operation, and others had not died at the time the series 
was terminated. 

To eliminate all cases not followed completely is to needlessly reduce the 
number available. To include them involves one of three assumptions: (1) 
all who are lost to follow-up have died, (2) all who are lost to follow-up have 
recovered and are alive, and (3) those who are lost to follow-up have lived or 
died in the same proportions as those actually followed. The truth must, of 
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course, lie between 17 and 2; these assumptions represent the worst possible 
and the best possible survival rates. Choice 3 is the most reasonable estimate 
of the probable situation and is the one obtained by the Berkson and Gage 
method. 

Crude survival curves do not tell the whole story. Over the years, patients 
are subject to death from other causes than the disease for which they were 
operated upon. A woman of 65 does not have the same 15-year survival 
chances as does one of 30, no matter how effective the surgery. A survival 
curve should be compared with the normal expected 5-, 10-, and 15-year sur- 
vival values for a group of white women of the same age composition as the 
group of cancer patients under study. Such values may be considered as a 
‘‘control.’’ (For this series, these values are based upon the 1949-1951 Life 
Tables for the United States.*°) It is not a perfect control in that it is national, 
not local; it includes deaths from cancer of the breast along with all other 
-auses of death; it is for a specific 2-year period, not for the whole 22 years 
represented by the patients in the present series. 

Survwal Rate and Age.— 

While there are too few patients for analysis in the oldest and youngest age 
groups, between the ages of 30 and 80, the fewest number of 5-year survivals 
was found among the patients 40 to 49 vears old at the time of operation. Fewer 
than one-half (47.7 per cent) of these patients survived 5 years. 

In contrast, the next older group, those from 50 to 59, showed a much 
better response, with 65.5 per cent surviving 5 vears. Taking all patients over 
age 50 and comparing them with all under 50, the 5-year survival rate is 62.5 
per cent for the older, and 51.0 per cent for the younger group. 


TABLE VIII. AGE AND SURVIVAL 








| 7 ~ SURVIVAL 
| 5 YEARS 10 YEARS 
| NUMBER PER CENT NUMBER PER CENT 





AGE GROUP NUMBER OF CASES 
80-89 1 0 
70-79 12 58.3 
60-69 28 60.7 
50-59 55 36 65.5 
40-49 63 é 47.6 
30-39 38 Z 57.9 
20-29 3 ws 
Over 50 96 62.5 
Under 50 104 53 S10 





o bo 


21.9 


16.3 


“Ie SS Ole 92 


— DO 





Of those 40- to 49-vear-old patients who lived for 5 years, 36.6 per cent were 
still alive 10 vears after operation. Of the 50- to 59-year-old group, 47.2 per 
cent were still alive, even though the normal female population aged 50 to 59 has 
only 92 per cent of the 10-year expected survival of the vounger group. The 5- 
and 10-year survivals are shown in Table VIII. (Those lost to follow-up or alive 
but operated upon less than 5 years ago are not included. ) 

Considering those who have survived 5 vears with no recurrence of their 
disease, there is a less marked difference between those over 50 years of age and 
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those under, although the older patients still show better results. This was 
not the case in the 1924-1942 study of charity patients in Atlanta.** In that 
group, more of the younger patients survived 5 years than did the older ones. 
The differences in survival time between the younger and older patients is not 
of great statistical significance, and many other observers have not reported it. 
In the present series, there is about a 10 per cent probability that the difference 
is due to chance (p is equal to 0.10). Nevertheless, its association with the 
period of menopause and the cessation of ovarian function suggests that there is 
a real relation between rate of tumor growth and lowered ovarian hormone 
levels. The fact that the effect is more pronounced among patients with me- 
tastases than among those in whom all signs of cancer appear to have been 
eradicated incline one more strongly to this belief. 

Anderson and his associates! have shown that there is a slight decrease in 
the number of new eases of breast cancer arising in the immediate postmeno- 
pausal years. They found this drop in incidence in a number of series in the 
United States, England, and Denmark. They do not mention the change in 
mortality which was observed in the present series and, on the other hand, their 
postmenopausal decrease in incidence did not appear in our data. 

The suggestion has been made by Jessiman and Moore’ that breast tumors 
may be classified as “estrogen-stimulated,” “pituitary-stimulated,” and 
‘“hormone-independent.”” They feel that most of the tumors beginning before 
the menopause are of the “estrogen-stimulated” type, while those occurring in the 
senile woman must be “hormone-independent.” They further cite evidence that 
while urine estrogen declines after menopause or therapeutic castration in most 
women, in some, stromal hyperplasia or adrenocortical activity 4+ to 6 vears later 


may raise urine estrogen above the premenopausal level. In such patients, there 
is a decrease in the rate of tumor growth after menopause, followed by a return 
to the earlier rapid spread. Finally, these authors believe that in senility the 
hormone-stimulated tumor may become “hormone-independent.”’ 

The slight decrease in postmenopausal mortality found in the series reported 
in this paper is accounted for by the -Jessiman and Moore theory. It also ex- 


plains why the decrease is not more marked. 

Survival Rate and Type of Operation.— 

In Figs. 4 and 5, the survival rates following simple and radical mastectomies 
are shown. The solid line represents the assumption that patients lost to follow- 
up died at the same rate as the patients actually followed. The two broken 
lines indieate the two extremes of possibilities that all lost have died or that 
all lost are still living. 

The 5-year survival rate following radical mastectomy was 57.2 + 3.4 per 
cent.* This is less than two standard errors above the 53.2 per cent survival 
of the large Mayo Clinie series and is not significant. The 10-year survival rate 
of 47.7 + 3.6 per cent lies between two and three standard errors above the 38.1 
per cent of the Mayo series. As the survival rates for the latter series has risen 
continuously over the 24 years covered, comparisons are difficult. 


*Standard error of estimate, by method of Cutler.® 
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Effectiveness of Surgeons.— 

Meyer and Smith*® made a comparison between the 5-year survival rate 
obtained by 5 surgical specialists (49 per cent) and 22 “infrequent operators” 
(50 per cent). They concluded that “neither the technical proficiency of the 
operators nor the extent of the operation had any effect on the 5-year survival 
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Fig. 4.—Survival rate of patients undergoing simple mastectomy. Upper curve repre- 





sents expected survival rate of the general U. S. population of the same age composition as 

the patients. Dotted lines represent upper and lower limits of possible survival rate as ex- 

plained in text. 

Fi is 5.—The survival rate of patients undergoing radical mastectomy. 
ig. 4. 


(Details as in 


In the present series, a similar division has been made of the results ob- 
tained by surgical specialists who performed 140 operations for which 5-year 
survival rates could be ealeulated and oceasional operators who performed 
64 such operations. The results do not agree with those reported by Meyer and 
Smith. The best qualified surgeons with the greatest experience obtained 64.3 
per cent survival after 5 years, while the infrequent operators obtained only 
40.6 per cent survival. Table IX shows these results by type of surgical pro- 
cedure. It is obvious that experience does make a difference in results obtained. 
It is interesting to note in passing that the specialists performed simple 
mastectomy in almost one-third of their patients, while the occasional operators 


rarely employed it. 
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TABLE LX. 5-YEAR SURVIVAL RATES OF BREAST CANCER PATIENTS OF TWO GROUPS OF SURGEONS 








| SURGICAL SPECIALISTS | INFREQUENT OPERATORS 





Number of patients 








Radical mastectomy 98 55 

Simple mastectomy 38 3 

Other procedures (including 

no operation ) 4 6 

Total 140 64 
Lived less than 5 years 

Radical mastectomy 38 32 

Simple mastectomy 11 2 

Other 1 4 
Total 50 38 
Lived more than 5 years 

Radical mastectomy 60 23 

Simple mastectomy 27 1 

Other 3 2 
Total 90* 26 
Per cent survival 

Radical 61.2% 41.8% 

Simple 71.1% 33.3% 

Other 75.0% 33.3% 
Total 64.3% 40.6% 





*Of these, 46 (51.1 per cent) showed no evidence of disease 5 years after operation. 


+Of these, 9 (34.6 per cent) showed no evidence of disease 5 years after operation. 





8 RADICAL MASTECTOMY 
247 CASES 


SIMPLE MASTECTOMY 
59 CASES 





PERCENT OF CASES 


| 


_ 





‘- A 


20-29 3039 40-49 50-59 60-69 70-79 80-89 
AGE OF PATIENTS 
Fig. 6.—Percentage distribution of patients by age at operation. A comparison of radi- 


cal and simple mastectomy (306 cases). The additional patients in the series under- 
went simple excision or were not operated upon. 


DISCUSSION 
Comparison of Results of Simple and Radical Mastectomy.— 


It is obvious from Figs. 4 and 5, that the crude survival rate for patients 
undergoing simple mastectomy is lower than for those undergoing radical 
mastectomy. Five- and 10-year crude survival rates are not, however, enough 
for an evaluation. Because of the difference in life expectancy at different ages, 
the age distribution of the patients must be considered. This distribution in the 
two groups is very different. Fig. 6 shows the comparative percentage distribu- 
tion by decades. 

When the actual survival rates of the two groups are expressed as percentage 
of the expected survival of populations of similar age distribution, the radical 
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procedure appears to have been very slightly more successful at 5 and 10 years 
after operation, At 15 years, a larger percentage of those who would otherwise 
have been expected to live for 15 years survived following simple mastectomy. 
Table X shows the results of corrected survival rates. 


TABLE X 








PER HUNDRED PERSONS AFTER 5 YEARS | AFTER 10 YEARS | AFTER 15 YEARS 








A, Survival Following Simple Mastectomy 
General female population 

(same age composition as pa- 

tients) expected to be alive at 

end of period (from U. 8. Life 


Tables for 1949-19513°) 87.21 74.16 61.99 
Caneer patients 
actually surviving operation 50.37 38.08 33.99 


Cancer patients 

expected to survive untreated 

(from Daland7) 22.0 5.0 0) 
Cancer patients 

actual survival as per cent of 

expected survival 57.76 51.35 54.77 


B. Survival Following Radical Mastectomy 


General female population 
(same age composition as pa- 
tients) expected to be alive at 


end of period 94.54 87.15 77.82 
Cancer patients 

actually surviving operation 57.24 47.70 38.82 
Caneer patients 

expected to survive untreated 22.0 5.0 0 


Caneer patients 
actual survival as per cent of 
expected survival 


60.55 04.73 19.88 








If the procedure is reversed and those patients with a complete record (120) 
are divided into those who lived 5 years or more and those who failed to do so, 
we find that 25.9 per cent of the former and only 15.7 of the latter underwent 
simple mastectomy. These figures seem to favor simple mastectomy. The group 
with the largest percentage (27.3 per cent) of simple mastectomies was that in 
which the patients showed no evidence of disease 5 years after operation. 

The best response is shown by this group without metastases at operation 
and with the slowest growing tumors (or perhaps the shortest preoperative de- 
lay, although the data here will not confirm this). These tumors would have 
responded equally well to radical mastectomy and would probably have shown 
the best survival time, even in the absence of surgical intervention. 

In their Rockford, Illinois, series, Mever and Smith?® have coneluded that 
the extent of the operation had no effeet on the 5-year survival rate. 

Deaton® has collected a number of series to make a similar comparison. 
Without correcting for the age distribution or the normal life expectaney of 
the patients included, he reports a 5-year survival rate of 59.8 per cent for 
808 patients undergoing simple mastectomy and 54.5 per cent for 2,955 under- 
going radical mastectomy. He emphasizes the point that any alternative 
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which avoids the mutilation of radical mastectomy, and yet which will have 
as good results measured by survival rate, should be extremely attractive to 
the surgeon. 

It is recognized that with the greatest care in the world there will be 
some patients in the simple mastectomy group operated upon because of the 
bias toward, not away from, diagnosis of malignancy. Lees and Lees*’ have 


stated what many others, no doubt, have felt but have not said: 
There is not only the obvious fact that a non-malignant tumor 
wrongly diagnosed as malignant becomes a ‘5 year cure’ while a 
malignant tumor wrongly diagnosed as non-malignant soon has its 


diagnosis changed. ... It .. . is much more difficult and responsible 
to diagnose non-malignaney rather than malignancy in a doubtful 
case. 


Effectiveness of Treatment.— 


Recently, the Edinburgh group has questioned the effectiveness of all types 
of treatment for breast cancer. Lees and Lees*' have suggested that, if the 
classical viewpoint of Halsted be correct, one must be able to show that delay 
in treatment diminishes the cure rate. These authors contend that there is 
very little evidence from the published literature that this 7s the ease. 

Park and Lees,”® in an extensive survey of reported series, criticize a 
number of older reports seeming to show that there is a good correlation be- 
tween preoperative duration and survival time. 

The figures in the present series tend to bear out the contention of the 
Edinburgh group. Correlation between time from patient’s discovery to 
operation and time from operation to death is very poor indeed (coefficient 
of correlation equals 0.02). Fig. 7 is a scatter diagram of the relation between 
these two intervals of time. It is plotted on a logarithmic scale in order to 
include a few extreme cases without unduly obscuring the shorter-lived cases. 
Only those known to have died from their disease are ineluded in order to 
eliminate any possible spurious ‘‘5-year cures.’’ The delay from discovery 
to operation for patients still alive, or dying otherwise, is given in Table II. 
Manifestly, time of discovery by the patient is a variable which is not under 
the physician’s control and is by no means as accurate as one would wish. 
Nevertheless, it is the only index available and, by virtue of years of public 
education, it is probably more accurate for breast cancer than for many other 
diseases. 

It is possible that we may not be dealing with the simple spread of malig- 
nant cells through lymph channels; still earlier diagnosis and the more exten- 
sive surgery of supraradical operations may not necessarily result in further 


decrease in mortality or morbidity. 

MacDonald® has held that the course of neoplastic disease depends upon 
an interaction between tumor and host cells (biologie predeterminism) and 
that the growth is not ‘“‘analogous to the spread of termites in wood.’’ If this 
be the case, then there may be no strict time-distance relationship, and sur- 
vival time may not be related to onset time, but to the nature of the tumor 
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itself. This view has been strongly supported by Gatch,'* who has contended 
that improper radiation and extensive surgery may serve to destroy the 
‘*body’s innate resistance to new growths.”’ 
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SURVIVAL FOLLOWING OPERATION 

Fig. 7.—Relation between immediacy of operation and time of survival. Logarithmic 
plot of time elapsing between patient’s discovery of the lesion and operation against pa- 
tient’s survival following the operation. Eighty-one patients with known preoperative dura- 
tion of lesion who have ultimately died of their disease. Points lying to the left of the 
dotted line represent patients for whom postoperative survival was shorter than preoperative 
duration of the disease. Logarithmic plot is used in order to include extreme cases without 
unreasonable crowding of those with shorter survival time. 


If, on the other hand, the older view is correct, then the rapidity of the 
spread of the tumor must be so variable that prognosis is difficult. In 9 
patients, operation upon tumors within one month resulted in survival of less 
than one year, while in 6 other cases, operation a year after discovery resulted 
in survival from 16 to 72 months, Early discovery may mean only a rapidly 
growing cancer which will end in death so much the sooner. This is the prob- 
able explanation for the fact that, among patients dying of breast cancer, 
those operated upon within 2 to 11 months of discovery show a shorter mean 
survival time (31.7 months) than those operated upon immediately (40.5 
months) or those operated upon more than 12 months after discovery (54.0 
Keyes and co-workers'® have also emphasized the small difference 


months). 
‘fearly’’ and “‘late’’ mastectomy, although, 


in survival time resulting from 
their figures were not calculated on the same basis as those of the present 
series. 

In 9 eases, the patients lived longer (average, 28.78 months; maximum, 
10 years) between discovery and operation than they did following surgery 


(9.67 months). Their total life from discovery to death was 38.45 months, 
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which was a longer total life than 61.1 per cent of those operated upon with- 
in the first month, and compares well with the 40.3 months average life of 
the latter group. If the single case of over 10 years’ duration be omitted as 
an unusual extreme, the average survival was 27.6 months, or as long as 44.4 
per cent, of those operated upon within the first month. 

This is not to say that at the present state of knowledge the surgeon 
should delay operation. It is merely to point out that early surgery is not the 
comfortably easy solution to the problem. Any cancer that has persisted for 
a year without killing the patient is, by definition, a slowly growing one. 
Conversely, at the other extreme, the fastest growing cancer is already in- 
operable at the time of discovery, is soon fatal, and hence often does not be- 
come ineluded in surgical series. 

Park and Lees” further criticize the use of the 5-year survival rates as 
measures of effective therapy. While their criticism may have some validity, 
the data, shown in Figs. 4 and 5, indicate that, in this series, the death rate 
of patients after the first 5 years has almost exactly the same slope as does 
the general population death rate (upper curve). Thus, barring a few excep- 
tions, one may be justified in saying that patients who have survived 5 years 
since mastectomy have almost as good a life expectancy as have the general 
population of women of the same age. The expression “5-year cure,” while 
of little comfort to the individual patient with slowly growing metastases, 
seems to have some real meaning for patients as a group. 

For example, from the figures for radical mastectomy, in Table X, there 
were 57 patients of 100 operated upon who were alive 5 years after surgery. 
Five or 6 of the 100 would have died from a variety of causes in this period 
(1949-1951 U. S. Life Tables**). Thirty-seven more actually did die from 
breast cancer, leaving the 57 survivors. These 37 deaths were not prevented 
by operation, and we must not minimize this fact. Had the patients not under- 
gone operation at all, however, there would have been only 22 survivors 
(Daland’). Thus, there were ‘‘cured” 57 less 22, or, 35 of the 100 patients 
with radical operations. 

In another 10 years (15 years postoperatively), some 16 more patients 
will be expected to die from all causes, according to the life tables. If 
the 35 ‘‘eures’’ are permanent, there would be lost from the original 100 
patients: 

6 expected deaths from all causes in the first 5 years 
37 additional deaths from breast cancer in the first 5 years 
16 expected deaths from all causes, 5 to 15 years 





59 deaths from 100 = 41 survivors. 


Thus, theoretically, from 100 patients, 59 would have died, leaving 41 
survivors at the end of 15 years. None would have survived untreated, ac- 
cording to Daland.? If 5 years’ survival constitutes a “cure,” 41 patients 
should be alive after 15 years. In this series, there are actually 38.8 survivors 
per 100 patients, or 95 per cent of the predicted number. Only slightly more 
than 2 patients per 100 have died over and above the expected number of 
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deaths from all causes during the period. It is probable that the record is 
somewhat poorer than it appears, as the mortality rate for these private 
patients may be less than the national average. 

The foregoing analysis tells us only that, if a patient is going to die of 
breast cancer, she will, in all probability, do so within 5 years after operation. 
If she does not die, either we have succeeded in extirpating the malignant 
cells (Halsted), we have arrested them in the lymph nodes and perhaps 
destroyed them by irradiation (McWhirter), the patient’s own tissue composi- 
tion has altered so that a predisposition to cancer formation no longer exists 
(MacDonald), or, finally, the tumor was not malignant to start with! 


SUMMARY AND CONCLUSIONS 


1. Three hundred and fifty-eight (358) cases of breast cancer in Atlanta, 
Georgia, from 1925 through 1954 are described. All were private patients. 

2. Lesions of the inner lower quadrant of the breast are the least common, 
but result in the highest mortality. Lesions of the outer lower quadrant of the 
breast are equally rare, but result in the lowest mortality. 

3. A postmenopausal decrease in mortality is observed; it is more marked 
among patients with lesions of the upper portion of the breast than among those 
with lesions of the lower portion. 

4. A slight predominance of left breast lesions (105:100) was found in 
this series, 

5. The preoperative existence of the lesion was shorter than in a series of 
charity patients from the same area. Time from patient’s discovery to opera- 
tion has not markedly decreased over the years included in this series. There 
was a mean improvement of less than 9 months’ survival time in the patient 
operated upon within one month of discovery of the lesion, in comparison with 
those operated upon between 2 and 12 months of discovery. 

6. Positive family history of cancer was 35 per cent. This is higher than 
the usual figures given and nearly three times that of charity patients in 
Atlanta. 

7. Among patients who have not borne children, breast cancer appears later 
in life and progresses more slowly than in patients who have been mothers. 

8. Five-year survival was better (62.4 per cent) in patients over the age of 
50 than in younger patients (51.0 per cent). 

9. In contrast with other studies, the present series indicates that special- 
ists who have performed many mastectomies have had appreciably better results 
than have infrequent operators. 

10. Results of simple and radical mastectomy are compared, and their 
significance discussed. With proper selection of individual cases, the simple 
procedure seems as good as the radieal. 

11. Survival rates, preoperative duration of disease, and effectiveness of 
treatment are discussed with respect to sources of confusion due to differing 
analyses of data. 

12. The need for standardization of treatment is obvious; the hope of 


achieving it cannot yet be fulfilled. 
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[IN DEFENSE OF THE CONSERVATIVE TREATMENT FOR ACUTE 
CHOLECYSTITIS WITH AN EVALUATION OF THE RISK 


Davip McCusprey, M.D., AND THuRSTON THIEME, M.D., ANN ArsBor, MICH. 


(From the Surgery Department, St. Joseph Mercy Hospital) 


HK choice of treatment for acute cholecystitis has and still does provide 

reason for discussion. As in other conditions such as gastrointestinal 
hemorrhage there is the choice between immediate operation, as soon as the 
patient’s condition will permit, and conservative treatment. The latter is 
followed by surgery, if permitted, at a time of election and after diagnostic 
studies have been done. Immediate operation presumes a correct but fre- 
quently unconfirmed diagnosis and accepts the hazards of surgery, not of 
election. It offers a substantial reduction in hospital stay. Conservative 
treatment with operation delayed accepts the dangers of gall-bladder perfora- 
tion or pericholecystic abscess and offers possible operation of election. 
Which method of treatment offers the best care for the patient is still open 
to discussion. This statement is particularly true if it is realized that princi- 
ples of treatment excellent for one institution may be most harmful if applied 
indiscriminately to other hospitals. 

Glenn,’ following the principles laid down by Heuer, is known as the 
chief proponent of immediate operation as a hospital service policy. Mul- 
holland and associates,‘ Zollinger and co-workers,'? and Coller and colleagues? 
may be termed conservatists with the reservation that individual case evalu- 
ation is necessary to recognize the failure of conservative treatment. Ochsner 
and eco-workers* and Reines and Kessler,’ after reviewing their experience, 
urge prompt surgery. From reports of immediate surgery it is difficult to 
ascertain the percentage of patients that could not safely be readied for im- 
mediate surgery. Reports of the conservative treatment indicate a variation 
in the number of cases requiring emergency surgery for uncontrolled disease, 
urgent surgery for failure to improve and the number treated by surgery of 
election. As suggested by Mulholland, this variation could be explained by 
the difference between ‘‘watching’’ acute cholecystitis and ‘‘vigorous ¢on- 
servative treatment.’’ It has been pointed out by Coller and others that the 
majority of gall-bladder disease is not treated in medical centers. What is 
the wisest policy to adopt for the average community hospital? 

Conservative treatment has been the practice at St. Joseph Merey Hospi- 
tal, Ann Arbor, for many years. However, it was only after a review from 
this hospital in 1950° that attention was drawn to proper conservative treat- 
ment in this hospital. Although improvement has occurred with proper treat- 
ment, that is, gastric suction, intravenous fluids, and sedation instead of 
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watching, there are cases still not energetically treated. However, we can 
say that in this community hospital no patient needing treatment for acute 
cholecystitis languished or died on the medical service. Surgical consultation 
was obtained for all problem cases of acute cholecystitis. The results of this 
policy are presented as a defense for conservative treatment with the hope 
that organized community hospitals will reconsider this treatment. 

During the 5-year period from 1952 through 1956, 752 patients were 
treated in the hospital for biliary tract disease. Of these 345 (45 per cent) 
were treated for acute cholecystitis. This high percentage of acute biliary 
disease is explained by the fact that this is a community hospital serving an 
area with relatively constant and high economic level where hospital rather 
than home care is accepted for acute disease. Those patients with adequate 
history, physical findings, and laboratory work to warrant treatment for acute 
cholecystitis were considered to have had acute cholecystitis and so are in- 
cluded in this series. Not included are those who were erroneously so diagnosed 
and later were proved to have had another disease. Not included are those 
who were treated for another disease and later were shown to have had acute 
cholecystitis. 

None was treated by ‘‘immediate, prompt, or early surgery,’ 
surgery performed as quickly as the condition of the patient would permit. 
All operated upon within 72 hours of their admission were treated as of neces- 
sity. Therefore, acute cholecystitis was treated conservatively in all patients, 
meaning operation was delayed if possible until the disease was quiescent 
and the indicated diagnostic studies were completed. If delay was not possi- 
ble, surgery was done as an emergency or considered urgent during the course 


’ meaning 


of treatment. 

Of the 345 cases of acute cholecystitis, 154 (44.3 per cent) were dis- 
charged without operation during this hospitalization. Thirty per cent of 
these returned for operation at a later date. The reasons for discharge are 
listed in Table I. The possible impact of immediate operation on this group 
cannot be stated except that the mortality could not have been less sinee there 
were no deaths. Undoubtedly an aggressive attitude toward immediate sur- 
gery could have led many of these patients to operation within 48 or 72 hours. 
Assuming that our clinical diagnosis was correct in all cases, there would 


TABLE I. St. JOSEPH Mercy HospiTAn ADMISSIONS FOR ACUTE CHOLECYSTITIS 
(345 Patients) 


























Operation performed at this admission 191 Patients 
9 Deaths 4.7% 
No operation performed—discharged 154 Patients 
No deaths 
PATIENT REFUSED OTHER DISEASE NORMAL | MEDICAL TO RETURN FOR 
OPERATION PARAMOUNT X-RAYS | CARE | OPERATION 
14 41 21 58 20 
Returned for 
operation 4 7 0 24 12 





47 Patients returned for operation 30% 
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have been no unnecessary operation done. Such an assumption is not only 
unjustified but is dangerous for our hospital or any other community hospital. 
If immediate surgery should be adopted as a hospital policy, much ill-advised 
surgery would be done. In contrast, conservative treatment, done without 
mortality in this group, offers restraint to the surgeon and for the patient a 
better medical evaluation. Obviously in teaching institutions where clinical 
material is carefully controlled on Services, such restraint is unnecessary. 
Of the 345 cases treated for acute cholecystitis, 191 were treated by opera- 
tion during this hospitalization. Table II shows the type of operation per- 
formed. Surgery of election followed successful conservative treatment in 
126 cases with one fatality considered due to a dissecting aneurysm. The 
cholecystostomy rate was 4 per cent. These figures compare favorably with 
Reines and Kessler,* and Zollinger and associates,’’ but not with Mulholland.‘ 
Therefore, of the 345 eases of acute cholecystitis treated conservatively, the 
disease was controlled in 280 (81.5 per cent), leading to elective surgery in 
125 and discharge without operation in 154. There was one death. 
TABLE II. St. JOSEPH MERcy HOospITAL EMERGENCY ADMISSIONS FOR ACUTE 


CHOLECYSTITIS—OPERATION PERFORMED 
(191 Patients) 

















OPERATION | CHOLECYSTECTOMY | DEATHS | CHOLECYSTOSTOMY DEATHS 
Elective 121 1 5 0 
Urgent 33 ] 16 l 
Emergency 5 ] 1] 5 
Totals 159 3 32 6 
1.9% ) (18.7%) 





Those patients requiring surgery not of election have been labeled the 
price or the risk of conservative treatment. There were 8 fatalities in these 
65 patients and a cholecystostomy rate of 40 per cent. The high chole- 
cystostomy rate is indicative of the severity of the disease. The reasons for 
urgent or emergency operation are shown in Table III. Those with continu- 
ing jaundice represent failure to relieve common duct obstruction by con- 
servative means. That there were no deaths indicates good conservative 
management. All cases started as clinical acute cholecystitis, not as jaundice, 
cause to be determined. The next category, those operated upon in the judg- 
ment of the surgeon, presented the problem of a delicate balance between the 
cholecystie disease and the elinical condition of the patient. One death oe- 
curred from pulmonary embolism on the eleventh postoperative day as shown 
by autopsy. Status quo unchanged means that the control of the gall-bladder 
disease stopped at a safe but unsatisfactory level for discharge. The one 
death oceurred in an 82-year-old diabetic patient on the thirtieth postopera- 
tive day, the cause undetermined except for deterioration of age. Those 27 
sases with an unsatisfactory course are actually the only patients who had 
cholecystie disease uncontrolled by conservative treatment. There were 6 
deaths; three were operated upon within 72 hours and a fourth on the fourth 
hospital day. The cause of death in these 6 patients as shown by autopsy 
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Number 6 

was necrotizing pancreatitis, right heart failure, and pulmonary embolism; 
without autopsy they were considered to be cardiac arrest with cardiac mas- 
sage, pulmonary atelectasis with myocardial infaretion, and possibly a “‘liver 
death’’ associated with deepening jaundice and a rising nonprotein nitrogen. 












































TABLE III. REASONS FOR URGENT OR EMERGENCY OPERATION IN 65 OF 345 CASES OF ACUTE 
CHOLECYSTITIS AT ST. JOSEPH Mercy HOSPITAL 

CONTINUING BEST JUDGMENT OF STATUS QUO COURSE 

JAUNDICE SURGEON UNCHANGED UNSATISFACTORY 

12 eases 11 eases 15 cases 27 cases 

No deaths 1 death 1 death 6 deaths 

CASES 
ELECTIVE 
SURGERY 
URGENT OR 
EMERGENCY 
SURGERY 
D= DEATH 
AGE IN YEARS 














10-19 20-30 31-40 41-5051-60 61-70 71-80 80-90 


Fig. 1.—Acute cholecystitis treated conservatively and then by surgery. 


Glenn,® in a survey of deaths following gall-bladder surgery, noted a 
sharp drop in those causes related to the gall-bladder surgery, that is, shock, 
hemorrhage, and infection, and an increase in cardiovascular and pulmonary 
deaths. Hepatic insufficiency remained the same. Rupture of the gall bladder 
and pericholecystic abscess leading to peritonitis have been used as strong 
arguments for immediate surgery. Glenn attributes the lack of infection as 
a cause of death to the policy of immediate surgery, eliminating rupture and 
pericholeecystie abscess. With conservative treatment in this series rupture 
of the gall bladder is known to have occurred 4 times and pericholecystic 
abscess 6 times with no effect on mortality. Therefore, these possible com- 
plications do not seem valid arguments for immediate surgery. Also, we 
doubt that immediate operation will reduce the mortality in aeute cholecys- 
titis. Four of our deaths were in patients operated upon within 72 hours and 
a fifth on the fourth day of treatment. Rather as shown by Fig. 1 and em- 
phasized by other authors, the problem is one of surgery in the aged. All 
deaths occurred in patients over 60 years of age and 7 of the 9 were over 70 
years. The causes of death as previously shown are those hazards of any 
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surgery in the aged. They are grouped in Table IV. Delay by conservative 
treatment in this series cannot be shown to be the factor explaining the mor- 
tality. At the risk of increasing unnecessary surgery in community hospitals, 
the benefits of cholecystectomy in younger patients with known gall-bladder 
disease must be emphasized, but it is strongly doubted that immediate surgery 
in the aged and poor-risk patient will improve the poor results in this group 
of patients. 
TABLE IV. DEATHS OCCURRING IN THE TREATMENT OF ACUTE CHOLECYSTITIS AT ST. JOSEPH 
Mercy Hospirau 


(345 Patients) 


~ 'PIME 











| l 
| 
PA- | | OPERATION AFTER DAYS OF POST- 
TIENT AGE TREATEMNT | CAUSE OF DEATH OPERATIVE | AUTOPSY 
1 84 Urgent cholecystectomy at Pulmonary embolism 11 days Yes 
2 days and common duct 
Best judgment of surgeon 
2 70 Emergency cholecystostomy Necrotizing pancrea- 3 days Yes 
at 4 days titis 
Unsatisfactory course 
3 62 Emergency cholecystostomy Right heart failure, 4 days Yes 
at 3 days pulmonary atelectasis 
Unsatisfactory course 
4 83 Emergency cholecystostomy Pulmonary embolism 20 days Yes 
at 9 days 
Pericholeeystic abscess 
Unsatisfactory course 
5 7] Emergency cholecystostomy Cardiae arrest at No 
at 1 day operation 
Pericholecystic abscess 
Unsatisfactory course 
6 77 Elective cholecystectomy at ? Dissecting aneurysm 6 days No 
13 days 
7 82 Urgent cholecystostomy at Undetermined other 30 days No 
12 days than age and slow 
Status quo maintained deterioration 
8 67 Urgent cholecvstostomy at Atelectasis, diabetes 8 days No 
24 hours 
Unsatisfactory course 
Hy) 72 Emergency cholecystectomy  ? ‘‘Liver death,’’ 12 days No 
at 15 days and common jaundice rising NPN 
duct coma 


Unsatisfactory course 





The error in diagnosis is seldom mentioned in articles advocating im- 
mediate surgery. We ean add little for the error after conservative treat- 
ment due to a change in the operating room ledger of this hospital. For 214 
years of this 5-year survey we know that the preoperative diagnosis was con- 
firmed at operation for all patients but two, who were treated conservatively 
for acute cholecystitis and then were submitted to surgery. In these two, at 
operation gallstones were not found and the pathologist reported minimal 


evidence of chronic cholecystitis. 
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During this 5-year period 8 patients operated upon as emergencies, 6 
for acute appendicitis and 2 for ruptured ulcer, actually had acute chole- 
cystitis. There was one death. The eriticism that this error in diagnosis 
warrants is difficult to determine. 

Johns,’ Coller,? Boyden,’ and others have emphasized the danger of eom- 
mon duct damage during surgery for acute cholecystitis. The incidence of 
common duct exploration is presented in Table V. The common duct was 
damaged once and immediately repaired. We know of no biliary cripples 
created after the conservative treatment of acute cholecystitis. In this series, 
6 anomalies of the biliary tree were recognized and no damage was done. 


TABLE V. COMMON Duct EXPLORATION AT ST. JOSEPH MERCY HOSPITAL 











OPERATION AFTER ADMISSION FOR 








OPERATION FOR CHRONIC GALL-BLADDER DISEASE ACUTE CHOLECYSTITIS 
Cholecystectomy Common duct Cholecystectomy Common, duct 
exploration exploration 
407 104 (25%) 159 66 (41%) 
Stones recovered 16 (15%) Stones recovered 33 (50%) 





DISCUSSION 

The conservative treatment for acute cholecystitis, meaning the proper use 
of sedation, intravenous fluids, and gastrie suction instead of ‘‘watching,”’ has 
no glamour and few backers. Immediate surgery, meaning operation as soon 
as the patient’s condition will permit, is popular and advocated as a principle 
for surgical services. We have endeavored to show that conservative treatment 
as applied to 345 patients treated for acute cholecystitis has produced accept- 
able results that stand comparison with the results of immediate operation. Our 
failures that did not allow surgery of election have been described. Rupture 
of the gall bladder and pericholeeystie abscess are known to have occurred 4 
and 6 times, respectively, without contributing to the mortality. In our ex- 
perience these complications are not valid arguments for immediate surgery. 
Our mortality as indicated by the causes of death are more closely associated 
with the problem of surgery in the aged than with complications of delayed 
surgery. Surgery was performed by 72 hours in 3 and on the fourth day in 
another of the 8 fatalities, indicating little delay. 

Immediate surgery as a policy for services in teaching institutions can be 
as sound as the control of the clinical material. As a policy for the average 
community hospital where the majority of gall-bladder surgery of this country 
is done, it could lead to much ill-advised surgery. In community hospitals, 
certain individuals of outstanding ability can certainly apply the principle of 
immediate surgery to their own practice with success but they must also take 
the responsibility for their imitators. 


SUMMARY 


1. The results of the conservative treatment of 345 patients with acute 
cholecystitis have been presented as a defense of this treatment. 











936 MC CUBBREY AND THIEME eg 

2. These 345 patients were treated in a 5-year period, 1952 through 1956, 
at St. Joseph Merey Hospital, Ann Arbor. Those patients with adequate his- 
tory, physical findings, and laboratory work to warrant treatment for acute 
cholecystitis were considered to have had acute cholecystitis and make up this 
series. Not ineluded are those who were erroneously so diagnosed and later 
were proved to have had another disease. Not ineluded are those who were 
treated for another disease and later were shown to have had acute cholecystitis. 

3. Of these 345 cases the disease was controlled in 280 (81.5 per cent), 
leading to elective surgery in 125 and discharge without surgery in 154. There 
was one death. Thirty per cent of those discharged without surgery returned 
for surgery. 

4. Because conservative treatment did not bring satisfactory remission, 
urgent or emergency surgery was required in 65 cases. There were 8 deaths. 
The reasons for urgent or emergency surgery are listed. 

5. A review of the deaths indicates that surgery in the aged is the problem 
‘ather than complications of delayed surgery in gall-bladder disease. 

6. Immediate operation as a policy for a Service in a teaching institution 
is undoubtedly satisfactory. The dangers of such a policy for the average com- 
munity hospital are emphasized and the conservative treatment proposed as a 
restraint to the average surgeon and, moreover, for the patient a better medical 
evaluation. A policy of conservative treatment for acute cholecystitis will give 
acceptable results. 

REFERENCES 
1. Boyden, A. M.: Acute Gall-bladder Disease and the Common Duct, A. M. A. Arch. 
Surg. 70: 374-378, 1955. 
2. Buxton, R. W., Ray, D. K., and Coller, F. A.: Acute Cholecystitis, J. A. M. A. 146: 
301-307, 1951. 
3. DeCamp, P. T., Ochsner, A., Baffes, T. G., Bancroft, H., and Bendel, W.: Timing in 


the Surgical Treatment of Acute Cholecystitis, Ann. Surg. 135: 734-750, 1952. 
4. Doubilet, H., Reed, G., and Mulholland, J. H.: Delayed Operative Management of 


Acute Cholecystitis, J. A. M. A. 155: 1570-1573, 1954. 
5. Glenn, F.: The Surgical Treatment of Acute Cholecystitis, SurRGERY 23: 397-404, 
1948. 


6. Glenn, F., and Hays, D. M.: The Causes of Death Following Biliary Tract Surgery 
for Non-malignant Disease, Surg. Gynec. & Obst. 94: 283-296, 1952. 

7. Johns, F. 8.: Surgery of the Biliary Tract, South. Med. & Surg. 101: 303-306, 1939. 

8. Reines, F. Z., and Kessler, H. J.: Evaluation of the Risk in the Medical Treatment 
of Acute Cholecystitis, SuRGERY 42: 631-637, 1957. 

9. Thieme, E. T.: The Hospital Management of Gall-bladder Disease, J. Michigan M. 
Soe. 49: 672-675, 1950. : 

10. Zollinger, R. M., Boles, E. T., and Crawford, G. B.: The Diagnosis and Management 
of Biliary-Tract Disease, New England J. Med. 252: 203-208, 1955. 











A SIMPLE TECHNIQUE FOR PREPARING VAGALLY INNERVATED 
GASTRIC POUCHES IN DOGS 
JOHN F. Perry, Jr., M.D., PETER SALMON, M.D., Warp O. GrirFEN, JR., M.D., 
HARLAN D. Roor, M.D., AND OWEN H. WANGENSTEEN, M.D., 
MINNEAPOLIS, MINN. 


(From the Department of Surgery, University of Minnesota) 


LTHOUGH dogs with gastric pouches are extensively utilized in investiga- 
tion of gastric secretory function, most workers have chosen vagotomized 
(Heidenhain) stomach pouches for study rather than preparations with the 
vagal innervation preserved (Pavlov).® This choice has been dictated, in part 
at least, by the difficulties involved in preparing satisfactory Pavlov pouches. 
In the usual techniques for making a Pavlov pouch," * *-7 a seromuseular bridge 
is preserved between main stomach and pouch and separation is achieved by 
closing the mucous membrane in two layers. Fistula formation between stomach 
and pouch occurs rather easily, resulting in a useless preparation. Also, such 
pouches cannot be utilized very satisfactory for experiments involving surgical 
procedures on the stomach. 

Recent investigations of available methods for construction of Pavlov 
pouches in dogs led to development of the technique to be deseribed, which is 
a simple yet satisfactory method for obtaining vagally innervated gastric 
pouches. Animals so prepared can be operated upon subsequently in the same 
manner as animals with Heidenhain pouches. 


DESCRIPTION OF METHOD 


Large dogs are utilized. The animal is anesthetized with sodium pento- 
barbital (30 mg. per kilogram) and intermittent positive pressure respiration is 
established through an endotracheal tube. With aseptic precautions, the left 
chest is opened through the tenth intercostal space and the abdomen entered 
through the left leaf of the diaphragm. The esophageal hiatus is opened and the 
anterior vagus trunk is then carefully dissected away from the lower esophagus 
and followed distally to its initial branching to the anterior wall of the fundus 
of the stomach. These branches are preserved, dissecting them up only enough 
to provide an area for subsequent transection of the stomach (Fig. 1, A and B). 
The distal portion of the anterior vagus trunk directed toward the lesser curva- 
ture is then sectioned. The uppermost branches from splenic and left gastro- 
epiploie arteries are carefully preserved as these vessels will subsequently sup- 
ply the pouch. The stomach wall at the site of proposed division is prepared 
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Fig. 1. 
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and is transected between clamps with thin blades (Fig. 1, B). A greater 
portion of anterior than of posterior stomach wall is included on the pouch side 
of the clamps. This is easily accomplished by so positioning the stomach wall 
with the fingers when the clamps are applied. This maneuver is important as 
it results in a pouch with proportionately greater innervation of the wall since 
no effort is made to preserve the integrity of the fundie branches of the dorsal 
vagal trunk. By oversewing the eut edge of both pouch and residual stomach 
before removing the clamps, significant bleeding is prevented. Lembert sutures 
of fine silk complete the closures (Fig. 1, C). During closure of pouch and 
stomach the vagal branches are carefully protected. A plastie cannula is 
placed in the pouch through a separate opening and brought out through a stab 
wound in the anterolateral abdominal wall. The pouch is fixed to the abdominal 
wall at this point with a few sutures to prevent torsion or tension on the vagal 
fibers or vessels. The incisions are closed in the conventional manner and the 
usual postoperative care for animals undergoing gastric operations is earried 
out. Following operation, the animals are allowed a period of convalescence of 
at least 3 weeks before study of pouch secretions is begun. Representative 
responses of pouches prepared in this manner are shown in Table I, Fasting 
secretion during a 2-hour period is compared with that obtained for a similar 


time period after insulin administration. 


RESPONSES OF VAGALLY INNERVATED GASTRIC POUCHES FOLLOWING INSULIN 
ADMINISTRATION 


TABLE I. 




















“ee ae 2-HOUR 
2-HOUR FASTING SECRETION SECRETION FOLLOWING INSULIN* 
ANIMAL | VOLUME (ML.) | FREE Hcl(MEQ.) VOLUME (ML.) | FREE HCl(MEQ.) 
1 3.0 0 13.0 0.97 
2 2.0 0 1.6 0.08 
3 0.4 0 8.0 0.32 
4 6.0 0 20.0 1.4 
5 3.0 0 9.0 0.63 
6 4.0 0) 8.0 0.40 








*Ten units crystalline insulin given subcutaneously 15 minutes prior to 2-hour collec- 
tion period. 


DISCUSSION 


The method deseribed depends upon careful nontraumatie dissection of the 
anterior vagal trunk and its branches. Obviously, damage to this structure 
will result in a functionally denervated preparation. However, it has not 
proved especially difficult to isolate and preserve this nerve. The majority of 
animals so prepared have shown positive responses to insulin administration. 
As the dorsal vagus trunk is not disturbed, the stomach retains at least half of 
its normal vagal innervation. Since stomach and pouch are individually closed 
in two layers, internal fistula does not occur. This would appear to be the 
principal advantage of this method over several previously described technical 
In addition, animals can be used for experi- 


modifications of Pavlov’s pouch. 
ments involving additional surgery without disturbing the pouch. Pouches pre- 


pared in this manner are about the size of conventional Heidenhain pouches. 
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SUMMARY 


A technique for preparation of vagally innervated gastric pouches is 
deseribed wherein the branches of the anterior vagus trunk to the fundus are 
preserved and the fundie pouch is separated completely from the stomach. Such 
pouches can be shown to respond in a positive manner to the insulin test. 
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TWO CASES OF POSTERIOR MEDIASTINAL GOITER AND 
THEIR MANAGEMENT 


WALTER F’. BuGpen, M.D., Cuirrorp J. STRAEHLEY, JR., M.D., AND 
PxHiuurp M. Ikrns, M.D., Syracuse, N. Y. 


OSTERIORLY situated goiter in the superior mediastinum is unusual 

enough to merit special consideration as an entity distinet from the more 
commonplace substernal thyroid enlargement. The embryologie origin of the 
condition which we report is not clearly established. It may result from failure 
of complete fusion and ascent of the lateral ultimobranchial bodies with the 
main primordium of the thyroid gland in the embryo. Alternatively a goiter 
so located may be deflected posteriorly by the great vessels and transverse arch 
of the aorta as the thyroid enlargement ‘‘plunges’’ into the thorax. These 
hypotheses are considered by Sweet in his report of 6 such eases.2 We have 
found an additional case report by Crohn and Kobak' as well as 2 further cases 
reported by Hurwitz and Skorneck.? 

A close study of the radiograms and anatomic sketch derived from our 
first patient draws attention to relationships which are consistently present in 
all reported cases. These facts should permit accurate preoperative diagnosis. 
The thyroid mass displaces the esophagus posteriorly and the trachea anteriorly 
so that a ‘‘eommon wall’’ no longer exists between these two organs. The goiter 
is behind the great vessels to the upper extremities and head, and to the right 
of the transverse arch of the aorta. The arch of the azygos vein will be seen 
stretched over the lateral aspect of the tumor as it presents in the right hemi- 
thorax. The lowermost extent of the tumor may reach as far as the inferior 
pulmonary vein. These complicated and hazardous anatomic relationships make 
any approach other than a transthoracic one to the lesion inconceivable. 

Because of the wrist-sized connection between the tumor and the lower 
pole of the left lobe of the thyroid in our first case, the successful removal of 
the tumor required both a separate right thoracic and a cervical incision. 


CASE REPORTS 


CASE 1.—L. R., an obese, 40-year-old, white, married man, had noted shortness of breath 
for 24% years. This could be relieved by lying on his left side or leaning forward from a 
sitting position. There had never been difficulty in swallowing or hemoptysis. For 7 days 
his cough had been much worse and he had been unable to lie flat because of a sense of 
asphyxia. Family history, past history, and systemic review were unremarkable. Physical ex- 
amination revealed an anxious, obese man in moderately severe respiratory distress. Pulse 
was 80; blood pressure was 170/110. Respirations were 24 per minute, were punctuated by 
cough, and were associated with an audible wheeze. The trachea was palpably shifted to the 
right. There was no retrosternal dullness to percussion or suprasternal mass to palpation. 
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Auscultation of the lungs revealed a persistent wheeze and coarsened breath sounds of sterto- 
The remainder of the physical examination was normal. 


rous quality without crepitant rales. 
X-ray examination of the chest demonstrated a large 


The laboratory work was not abnormal. 
mass in the posterior mediastinum extending from the thoracic inlet to a level below the 
‘arina. This mass displaced the trachea anteriorly and to the right and the esophagus pos- 
teriorly and to the right (Fig. 1, A and B). On Aug. 30, 1956, a right posterolateral 
thoracotomy was performed through the bed of the fifth rib. A large, roughly elliptical, 
pale, grayish-red mass was encountered extending into the posterior mediastinum from the 
neck to a level just cephalad of the inferior pulmonary vein. This measured 7 by 10 by 4 
em. in greatest extent. It displaced the esophagus laterally into the right chest and the 
trachea anteriorly. A much lengthened arch of the azygos vein was stretched out over the 
lateral aspect of the tumor. There was no major vascular supply to the tumor within the 
A 4 em. ‘‘waist’’ of the tumor extended to the left behind the innominate vessels 


chest. 
After the tumor had 


and aortic arch into the base of the left side of the neck (Fig. 2). 
been freed of its attachments, its waist was amputated at the point where it entered the 





A. B. 


Fig. 1.—Posteroanterior (A) and lateral (B) chest x-rays showing mediastinal goiter displac- 
ing esophagus and trachea. 
neck. Bleeding from this very vascular cut surface was controlled by mattress sutures. The 
chest was closed. The patient was turned from the left lateral decubitus to the supine 
position. <A classical, low, cervical collar-type incision was made and a left hemithyroidectomy 
was performed. The 4 em. waist attached to the lower pole of the left lobe of the thyroid 
easily was brought into the neck. The blood supply of the lesion was exclusively derived 
from the left inferior thyroid artery. Gross pathologic examination showed an encapsulated 
385 ‘ams. 


Oo 
fad 


10 by 7 by 4 em. mass consisting of very gelatinous material and weighing 
Microscopic examination showed a colloid goiter. The interesting anatomic situation of the 


lesion in situ 1s clearly shown in the composite sketch (Fig. 3). 


CASE 2.—M. H., a 58-year-old white, married woman, had an annual check-up by her 
physician one week prior to her admission. A chest x-ray disclosed a mediastinal mass ex- 


tending from the base of the neck into the chest deviating the trachea anteriorly and the 
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Fig. 2.—Artist’s sketch of anatomic relationships of this goiter. 





A, 
and lateral (B) chest x-rays showing posterior mediastinal goi- 


Fig. 3.—Posteroanterior (A) 
ter. No tracheal displacement. 
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esophagus posteriorly and to the left. Faint calcification was seen within the mass (Fig. 3). 
The patient had been completely asymptomatic before this accidental discovery. Physical 
examination was normal. Routine laboratory studies were normal. A standard postero- 
lateral thoracotomy was performed. An 11 em. mass was encountered coming from the in 
ferior pole of the right lobe of the thyroid, through the neck, into the chest, and behind the 
innominate vessels and aortic arch. The trachea was deviated anteriorly and the esophagus 
posteriorly and to the left. The tumor reached inferiorly to the arch of the azygos vein. 
It was removed without difficulty because it was well encapsulated and the stalk attaching it 
to the right lobe of the thyroid was narrow. The gross pathologic examination showed an 
encapsulated, reddish, gelatinous mass with focal calcified elements weighing 215 grams. 
The microscopic examination revealed colloid goiter. 


SUMMARY 


Posterior mediastinal goiter, though unusual, presents with sufficiently 
characteristic roentgen findings to make the preoperative diagnosis possible. 
This type of goiter because of its hazardous and complicated anatomic relation- 
ships should be removed through a chest incision. At times both thoracic and 
low cervical incision may be required. Illustrations depicting the salient fea- 
tures of the lesion are presented. 
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PRIMARY FISTULOTOMY IN THE TREATMENT 
OF ANORECTAL ABSCESSES 


REPORT OF ONE HUNDRED CONSECUTIVE CASES 
Jack W. McEuwain, M.D.,* Amitryvitie, N. Y. 


OR many years there has been difference of opinion among surgeons and 
some proctologists concerning the treatment of anorectal abscesses. One 
school of thought teaches simple incision and drainage of an abscess followed 
by a period of waiting before fistulectomy. The other school suggests primary 
fistulotomy if the abscess is simple or if the tract is superficial. 
It is the purpose of this paper to report a series of 100 consecutive anorectal 
abscesses treated in each instance by primary fistulotomy in an effort to achieve 
a base line for further studies. 


TABLE I. LOCATION OF ABSCESS 

















Perianal 51 
Postanal 30 
Ischioanal 8 
Horseshoe 2 
Intersphincteric 4 
Submucous 3 
Supralevator 2 
Retrorectal 2 
Total 100 





There were 81 male and 19 female patients in this series. They were all 
white with an average age of 38 vears. The average duration of symptoms was 
10 days. Table I shows the location of each abscess. Superficial postanal 
space abscesses were included in the perianal group, as their treatment was the 
same. 


TABLE II. PREVIOUS OPERATIONS 




















NUMBER PER CENT 
Abscess 12 12 
Fistulectomy 4 4 
Hemorrhoidectomy 8 8 
Total 24 24 





Twenty-four of these patients, or 24 per cent, had undergone previous 
operations as can be seen in Table II. None of the surgical procedures had 
been performed within 6 months of the appearance of the abscess. The pri- 
mary or internal openings were posterior in 58, anterior in 37, and lateral in 5. 
sti Presented before the American Proctologic Society in Los Angeles, California, June 30, 
Jd. 
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Of the 100 cases, 70 required division of a portion of the rectal sphincter. 
Between one-sixth and two-thirds of the sphineter muscle was divided in these 
cases. Six patients required a second procedure for removal of a seton tie. 
A seton tie was utilized in 6 cases when more than half of the sphincter was 
traversed by the fistulous tract. In recent eases primary fistulotomy without a 
seton tie has been performed through three-fourths of the anal musculature 
without ill effect. 

Bridging and pocketing which occurred in 3 patients was easily corrected 
in the office postoperatively. Three of the patients, however, required additional 
anorectal surgery. One developed a recurrent abscess. This particular patient 
had a large retrorectal abscess which was drained posteriorly and externally. 
He developed purulent material in each ischioanal fossa with spread to one 
supralevator space. Bilateral drainage sites were established over each ischioanal 
space. The wounds healed promptly with the exception of a small defect deep 
in the posterior anal canal which has persisted for many months. This is 
gradually healing, however, and the patient is asymptomatic. He states that 
he feels well and exhibits no incontinence despite the severence of two-thirds of 
the anal musculature. There were 2 additional patients who developed higher 
internal openings following the primary procedure. These were both posterior 
and evidently were primary openings not demonstrated at the original pro- 
cedure. Both of these healed and have remained asymptomatie. 

Thus, of the 100 patients upon whom primary fistulotomy was performed, 


together with incision and drainage of the rectal abscess, only 3 required 
additional operative treatment. The length of follow-up eare to date has 
averaged 14 months. 


COMPLICATIONS FOLLOWING FISTULOTOMY WITHOUT ABSCESS 





TABLE ITI. 














een | NUMBER | PER CENT | THERAPY RESULT 
Bridging 3 3 Office Good 
Recurrent fistula 2 2 Operation Good in one 
Poor in one 
Persistent fissure : 3 Office Good 
Abscess 0 0 
Total 8 8 





Table III shows the complications in 100 consecutive patients who under- 


went fistulotomy without an abscess. 

Here it may be noted that the over-all complication rate was 8 per cent 
as against 6 per cent for the seton-tied series. Two patients were reoperated 
upon for recurrent fistulas. One operation was for unrecognized ileitis and the 
other for a missed tract, the latter patient having undergone three previous 
procedures elsewhere. 

In 61 of the patients who underwent primary fistulotomy in the presence 
of abscess formation, additional anorectal surgery was performed: hemor- 
rhoidectomy in 57 and eryptectomy in 4. None of these patients evidenced 


any inereased morbidity. 
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The result was good in 97 patients and fair in 3. One fair result occurred in 
the patient who was operated upon for a recurrent abscess and exhibited slow, 
asymptomatic healing. The other 2 fair results were obtained in female patients 
who evidenced chronic perianal abscesses located anteriorly. Two-thirds of the 
musculature was incised in one case and one-half in another. Although each 
patient is continent of feces and possesses good voluntary control, there is 
oceasional leakage and difficulty in controlling flatus. Sphineteroplasty will 
be performed in both cases shortly if better function is not fortheoming. 


COMMENT 


Although it is obvious that no final conelusions can be drawn from the 
clinical results obtained in this relatively small series, several facts of sig- 
nificance may be noted. Each of these patients appeared to tolerate the com- 
bined procedure very well. They were all relieved of pain and often did not 
manifest the moderate discomfort which follows elective fistuleetomy or hemor- 
rhoidectomy. Locating the primary or internal opening was not as difficult 
as anticipated. In most instances this opening, which usually was a crypt, 
was demonstrated from the inside by application of a bent probe into the sus- 
pected area. Dimpling, scarring, and irregularity suggested the correct loca- 
tion of the opening. Rarely was the opening demonstrated through the abscess 
cavity. The postoperative course did not vary from that of other patients 
undergoing anorectal procedures by the author. There was no inerease in 
morbidity and no evidence of toxemia at any time although antibiotics were 
not given in any case. One patient, who was operated upon in an early acute 
stage for a perianal abscess, developed a small pocket of pus under the edge 
of the wound postoperatively. This healed promptly and may have been due 
to overzealous probing. 

There has been some mention in the literature of excessive muscle re- 
traction from primary fistulotomy. It has been claimed that the sphincter may 
retract excessively when incised in the presence of inflammation, and may 
retract to a lesser degree during an elective fistulotomy. I was not able to sub- 
stantiate this fact and found that healing appeared to take place quite rapidly 
with very little retraction of muscle fibers following primary fistulotomy. 
This was particularly true in acute abscesses where no thickened tract had 
developed. 

In long-standing or chronie abscesses, care should be taken to exeise the 
walls of the tract from the underlying muscle to allow better coaptation. <Al- 
though the argument has been advaneed, that if the posterior wall of the tract 
extending through the muscle is left intact, the muscle fibers will not retract, 
I feel that the opposite is true and that coaptation is prevented by allowing this 
tissue to remain. The scar formed from the posterior wall of the tract may 
expand in time and cause delayed incontinence. Muscle retraction would appear 
to be discouraged also by removing all packing within 24 hours. Although 
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incision of muscle fibers was attempted always at right angles in this series, 
diagonal sphineterotomy was employed frequently without the development 
of incontinence. 

Two retrorectal and one supralevator abscesses were drained internally 
with wide saucerization of rectal mucosa and extension of the incision to the 
perianal skin with partial sphincterotomy and primary internal fistulotomy. 
Adequate drainage and prompt healing ensued in each instance. 


SUMMARY 


1. An abscess about the rectum should be treated an an abscess elsewhere 
in the body. Immediate incision and drainage are required before necrosis of 
overlying tissue adds the chance of additional toxemia. 

2. Primary fistulotomy appears safe if the abscess is drained correctly 
and saucerized widely. 

3. As much as two-thirds of the sphincter mechanism may be severed 
posteriorly in the presence of acute inflammation. Care should be taken not 
to sever more than one-third of the sphineter anteriorly. 

4. In small acute abscesses where a minimal amount of pus is present and 
walling-off may be incomplete, manipulation and probing should be minimal. 

5. Coneomitant anorectal surgery such as hemorrhoidectomy appears to 
offer no inerease in morbidity but in general should be reserved for removal of 
obvious pathologic structures or structures which might impede drainage. 

In conelusion, there has been no complication of any nature in the last 
75 of these 100 operations, subsequent to the development of better technique. 
It is obvious and mandatory that a procedure like this should not be performed 
by anyone unfamiliar with anorectal anatomy and postoperative care.  Ad- 
ditional follow-up will be continued and reported at a later date. 
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MANAGEMENT OF THE PATIENT DURING OPEN HEART 
SURGERY 


Davip MENDELSSOHN, JR., M.D., THomas N. MacKrewu, M.D.,* Douauas W. 
Macpona.p, M.D., Crp Noguerra, M.D., Louis R. Heap, Jr., M.D., 
AND EARLE B. Kay, M.D., CLEVELAND, OHIO 


(From The Departments of Anesthesia and Surgery, St. Vincent Charity Hospital) 


HE continued use of the pump-oxygenator to effect bypass of the heart and 

lungs has widened the scope of cardiae surgery. Early clinical reports were 
concerned with the correction of congenital heart lesions, primarily in chil- 
dren.” '* 151° Because of increased perfusion capacity of the pump-oxygenator 
and improved techniques, the more complicated congenital lesions and the 
acquired valvular lesions can now be corrected by means of direct vision sur- 
gery. This report presents our experiences with the first 200 open heart opera- 
tions, with special emphasis on the newer aspects of the management of anes- 
thesia. 

The Extracorporeal Apparatus.—The Kay-Cross pump-oxygenatort (Fig. 
1) was used in all cases in this series. It consists of a rotating dise-type oxy- 
genator’’ and suitable arterial and venous pumps. Modifications of the original 
extracorporeal apparatus have been made to provide more efficient oxygenation 
and perfusion. 

In about one-half of the cases Sigmamotor pumps were employed, but 
more recently De Bakey-type roller pumps have been used. Although clinically 
the Sigmamotor pumps proved satisfactory, laboratory studies’! of pump pres- 
sure curves, pump output, and hemolysis have led us to the clinical use of the 
two-roller pump. <A length of siliconized latex tubing is placed in each pump 
with extensions of 5 to 10 inches to act as pulse dampeners. The inside diameter 
of the tubing is varied, depending upon the expected perfusion rate of the 
individual case. The pumps are adjusted to be “‘just’’ nonoeclusive. 

The intracardiac field is aspirated with an accessory coronary sump pump 
which returns the blood to the oxygenator via a defoaming chamber. Two sump 
pumps are used for mitral valve surgery. A filter is placed in one of the sump 
lines to prevent aspiration of calcium, vegetations, or thrombi into the oxygenator. 

A major modification of the oxygenator has been the use of convoluted 
dises'* (Fig. 2). These dises add about 40 per cent greater gas exchange sur- 
face at the same dise rotation rate. This increases the oxygenating ability by 
approximately 30 per cent without increasing priming volume or hemolysis. 

Received for publication Dec. 8, 1958; resubmitted March 8, 1959. 
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Extracorporeal Perfusion—The management of the patient during open 
heart surgery, with the use of a pump-oxygenator, requires a high degree of 
teamwork, understanding, and liaison between various members of the cardiae 
surgery team. It is important to have some one individual responsible for 
coordinating the various components of the team, whether he be a surgeon, 
eardiologist, physiologist, or anesthesiologist. In our opinion, it is advantageous 
for the surgeon to be able to concentrate his efforts on the operation itself. 
The anesthesiologist is in the best position to observe the clinical condition of 
the patient and the effects of total body perfusion, by direct observation of 
the patient, as well as observation of the various monitoring devices. 











Fig. 1.—Present model of the Kay-Cross oxygenator. 


Anesthesia.—The anesthetic has been primarily endotracheal cyclopropane 
in a closed cirele filter employing controlled hyperventilation. The details and 
rationale of this anesthesia have been previously deseribed.?!. During bypass, 
anesthesia is maintained by the continous addition of eyclopropane, along with 
earbon dioxide and oxygen to the oxygenator. Cyeclopropane blood levels were 
determined by the method previously described by Orcutt and Waters?’ from 
arterial samples drawn before, during, and following bypass. The concentration 
of eyelopropane in the arterial blood averaged 6.5 mg. per cent (range 4 to 8 
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mg. per cent). This is consistent with electroencephalographie levels 1 or 3 
usually observed and the clinical evaluation of the patient. This permits a 
quiet field, no movement of the diaphragm, with a minimal amount of anesthesia. 
On several occasions, patients have remembered events which occurred during 
bypass; they report an awareness of time and place, but a lack of pain and fear. 
In different cases, during bypass, the lungs have been partially inflated with 
minimal intermittent positive pressure, ventilated with oxygen, or allowed 
to collapse completely. There has been no evidence that pulmonary compli- 
cations have been produced or aggravated by any of these methods. However, 
in patients with large collateral bronchial flow, for example, tetralogy of Fallot, 
positive pressure on the airway is avoided as it will often flood the operative 
field with pulmonary reflux blood. 





Fig. 2.—Stainless steel discs. Left, Flat disc. Right, Convoluted disc which increases oxy- 
genation surface area 40 per cent. 

Supplemental Drugs—A number of supplemental drugs have been used 
when complications have occurred during surgery. All drugs are given intra- 
venously except during bypass, at which time they are added to the arterial 
end of the oxygenator. Aramine (metaraminol bitartrate) has been the most 
useful vasopressor. Before and after the bypass period, Aramine (1 mg.) is 
used in the treatment of hypotension. This is in conjunction with correction 
of the cause of the hypotension. During the bypass period, Aramine has fre- 
quently been effective in increasing perfusion pressure. 

Vasoxyl (methoxamine hydrochloride) is avoided except during the bypass 
period because of its lack of inotropic effect on the heart.* Norepinephrine is 
used infrequently and has been of little use in the series. As previously re- 
ported, Adrenalin and ealeium chloride have been useful eardiae stimulants.*! 

Isuprel (isoproterenol) is effective in the treatment of centricular fibrilla- 
tion which follows elective cardiae arrest. With continued perfusion effective 
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systole followed injection of Isuprel into the oxygenator in 7 cases. In 2 of 
these cases, chemical defibrillation with Isuprel was successful after repeated 
attempts at defibrillation with electric shock were unsuccessful (Fig 3 
Succinyleholine chloride is the only relaxant drug used. It is used (1) to 
facilitate intubation of adults, (2) to prevent massive muscle contractions 
during electric defibrillation, and (3) occasionally to contro] persistent diaphrag- 


matic movement during bypass. 


} 





Fig. 3.—Electrocardiogram (Lead II) and arterial blood pressure of 32-year-old male 
during total bypass for the correction of rheumatic aortic stenosis. /, Potassium arrest. 2, 
Ventricular fibrillation following removal of aortic clamps after 19 minutes. 3, Ventricular 
fibrillation with repeated attempts at electric defibrillation. 4, Defibrillation occurring 30 sec- 
onds after Isuprel (0.1 mg.) added to the oxygenator. 5 and 6, Recovery period. 
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Physiologic Measurements.—A number of monitoring aids have been em- 
ployed to observe physiologic changes and aid in their management, especially 
during bypass (Fig. 4). Electrocardiograms and electroencephalograms are 
viewed continuously during operation on an oscillograph sereen.* These are 
recorded at intervals, or during unusual occurrences, on a Sanborn 150 recorder. 
The electrocardiographic findings have been previously reported.?* Arterial 
pressure is measured and recorded with a Statham transducer, Model P23AA, 
and the Sandborn recorder. Superior vena caval pressures are measured with 
a water canometer. In small infants the introduction of a superior vena caval 
catheter, particularly in the presence of a midline incision, may be more 
difficult, so consequently an inferior vena caval catheter is introduced into the 
inferior vena cava through the superficial femoral vein at the time of the femoral 
eannulization. Inferior vena caval pressures may be higher and more affected 
by the depth of anesthesia and abdominal wall tension than superior vena caval 
pressures. The correlation between superior and inferior vena caval pressures 
and the factors influencing them during the extracorporeal perfusion are the 
subject of a separate report. 





HEART LUNG MACHINE 





* Wy. Infrared Analyzer (LB 2) 
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Fig. 4.—Graphic representation of a patient on total bypass showing the monitoring devices 
and arterial blood determinations. 























Esophageal and oxygenator blood temperatures are monitored with a Yellow 
Springs thermistor. During the research phase, as well as early in the clinical 
use of extracorporeal circulation, special emphasis was placed on keeping the 


*Monitorscope by Essential Electronics, Cleveland, Ohio. 
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oxygenator and body as close to normal temperatures as possible. This was 
oceasionally difficult in small infants in an air-conditioned room even when the 
oxygenator was heated and the infant placed on a heated mattress. Less stress 
has been placed upon this aspect recently, the main consideration being equaliza- 
tion of temperature in the oxygenator and body, so as to avoid the theoretical 
consideration of oxygen bubbles in instances of high oxygen tension when the 
body might be warmer than the oxygenator. 
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Fig. 5.—Graph representing average values of arterial pH, pCOs, and blood buffer cases in 
Cases 100-150. 


Oxygen tension of the arterial blood leaving the oxygenator is measured by 
a Clark oxygen polarograph.* Carbon dioxide concentration of the effluent 
gases in the arterial end of the oxygenator is measured and recorded with a 
Beckman CO, infrared analyzer, Model LB 2. The amount of carbon dioxide 
added to the oxygenator is sufficient to result in a CO. concentration in the 
effluent gases of 3.8 to 4.2 per cent. This in turn gives an arterial carbon 
dioxide tension of approximately 40 mm. Hg at the temperature at which the 
oxygenator is operated (33 to 35° C.). In addition to the above continuous 
measurements, intermittent arterial samples are drawn for determination of pI, 
oxygen, and carbon dioxide content, before, during, and following surgery 


(Fig. 5). 
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Series.—This report is based upon the first 200 heart operations which have 
been performed on 190 patients, utilizing the pump-oxygenator (Table I). Six 
patients of this series were operated upon twice. Two patients were operated 
upon three times. In 7 of these patients, the defect had reopened or had been 
incompletely corrected. One patient was operated upon twice to resuture a 
ruptured mycotic aneurysm of the right ventricle due to a Pseudomonas myo- 
carditis which developed following closure of a ventricular septal defect. 


TABLE I, ANATOMIC DIAGNOSIS, 200 CASES 

















CONGENITAL LESIONS ACQUIRED LESIONS 
NO. OF NO. OF 
LESION CASES LESION CASES 
IVSD 36 Mitral insufficiency (predominant) 18 
IASD 27 Mitral stenosis (predominant) 14 
IVSD and pulmonic stenosis 28 Myoma of atrium ] 
IVSD, reoperation, tetralogy 5 Mitral and tricuspid disease 3 
Pentalogy 4 Aortic and mitral disease 8 
A-V communis and mitral Aortic insufficiency 3 
insufficiency 6 Aortic stenosis 1 
Pulmonie stenosis 15 Lutembacher syndrome 1 
Transposition of great vessels + Miscellaneous 2 
IVSD and IASD 2 
Aortic stenosis 3 
Miscellaneous 19 
Total 149 51 


Total mortality (all cases) 28% 





The patients’ ages ranged from 1 month to 54 vears. The patients’ weights 
ranged from 3 to 90 kilograms. One hundred forty-nine operations were per- 
formed for the correction of congenital heart lesions; 51 for the correction of 
acquired lesions. 

There is an over-all mortality rate of 28 per cent ranging from no mortality 
in noneomplieated congenital defects to 100 per cent in the more complicated 
defects such as transposition of the great vessels. Thus, the mortality rate is 
primarily influenced by the type of lesion to be corrected. 

Flow Rates.—During the past there have been those who have advocated 
low flow rates and those who have advoeated high flow rates. The oxygen re- 
quirements of the body are not satisfied when low flow rates are used and in 
instanees of prolonged perfusion this undoubtedly leads to metabolic acidosis. 
On the other hand, nothing is gained from using flow rates greater than nec- 
essary to fulfill basie requirements and may even be detrimental as far as blood 
destruction and bleeding tendencies are concerned. As a consequence, we have 
always followed an intermediate policy with flow rates, dependent upon body 
size, oxygen tension, arteriovenous difference, and mean arterial pressure. 


Blood Volume Control.—It is axiomatic that successful extracorporeal 
perfusion is dependent upon the maintenance of the patient’s normal blood 
volume. Unless this is closely observed and maintained, an inerease or decrease 
in circulating blood volume may not only make it difficult or impossible to econ- 
trol the patient physiologically during bypass, but may be an important factor 
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in the heart’s ability to take over afterward. Blood volume is determined pre- 
and postbypass by determination of weight, hematocrit, and hemoglobin. During 
bypass blood volume is determined by central venous pressure, the status of 
injection of the conjunctival blood vessels, and blood balance as determined 
from blood loss in suction and thoracotomy bottles, blood transfusions added, 
level of blood in oxygenator, and estimated loss in sponges, drapes, towels, and 
on the operating table. <A fairly accurate appraisal of this latter factor of 
estimated blood loss can be determined from analysis of previous cases and is 
influenced by duration of bypass, type of procedure, primary or secondary 
operation, size of patient, and type of incision (midline, unilateral, or bilateral 
thoracotomy). By so following the above criteria and correcting deviations 
over 90 per cent of the patients left the operating table with blood volumes 
within + 100 ¢.c. of the preoperative level. Immediate correction of the others 
was instituted. 

Anticoagulation and Reversal Control.—All blood to be used during surgery 
is collected in siliconized bottles on the morning of operation. The patient’s 
blood cells are typed for various group antigens and all the donors’ blood is 
cross-matched, employing saline conglutin and Coombs’ antiglobulin. The blood 
to be used during bypass for priming and replacement is collected in heparin 
bottles (15 mg. per 600 ¢.c.). The blood used following bypass is collected in 
nonvacuum bottles with acid citrate as the anticoagulant. Just prior to ean- 
nulization, heparinization is accomplished by the administration of 0.75 mg. of 
heparin per pound of body weight. Following removal of the cannulae, pro- 
tamine (0.5 mg. per pound) is slowly given intravenously. Frequently an 
additional dose of protamine (one-third to one-half of the original dose) is 
administered during the first postoperative hour. 

Cannulations—The superior and inferior venae cavae are cannulated 
through the right auricular chamber. With the use of controlled venous 
return based upon vena caval pressure and oxygenator blood level, it is 
advantageous to have both the superior and inferior caval systems monitored 
and individual eaval flow subject to control. The vena caval catheters should 
be so placed that they lie free in these vessels and should not be introduced 
by mistake into the innominate, azygous, or hepatic veins. Central venous 
pressure as taken in the superior vena cava is an important factor not only 
in controlling and monitoring circulating blood volume but also in the pre- 
vention of cerebral edema. Recently, inferior vena caval pressures have also 
been monitored. As a whole, they tend to reflect superior vena caval pres- 
sure but may be affected by more factors. The arterial input catheter has 
always been placed in the femoral artery through the superficial femoral artery, 
except for the first 4 patients. The largest Teflon cannula 314 inches in length 
that will fit snugly into this vessel is used. An arterial pressure manometer 
is inserted into the other superficial femoral artery. 

Elective Cardiac Arrest.—Elective cardiae arrest has been employed in 45 
operations. The Melrose?’ technique introduced clinically by Effler and as- 
sociates'’ was utilized. Potassium chloride, 10 mEq. for children, 20 mEq. for 
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adults, diluted in 50 ¢.c. of arterial blood, was the arresting agent. The amount 
of solution necessary to stop the heart is injected into the ascending aorta 
(Fig. 6). Acetylcholine was used in one ease.'® 

Our present indications for elective cardiac arrest are (1) lesions obscured 
by excessive regurgitant blood and (2) lesions, which, because of their location, 
are difficult to close with the heart beating. These include tetralogy of Fallot 
and some ventricular septal defects. 


50cc ARTERIAL BLOOD 
CHILD 10 mEq Kt 


AJ V ( ADULT 20 mEq Kt 
i 
) 





LT. CORONARY A. 


Duration - seven minutes to sixty minutes 


Fig. 6.—Method used to produce elective cardiac arrest. 


Ventricular fibrillation in the immediate post-arrest period has occurred 
in 31 cases (Tables II and ill). In 8 eases the heart converted to normal 
rhythm with continued perfusion. In 13 patients defibrillation with electric 
shock was successful (0.1 second duration at 60 to 110 volts). Defibrillation was 
successful in 7 patients with Isuprel (0.1 to 0.2 mg. added to the oxygenator). 
Three patients had persistent fibrillation with no recovery in spite of repeated 
attempts at defibrillation and continued perfusion for long periods. 

Treatment of Post-arrest Ventricular Fibrillation—The present treatment 
of ventricular fibrillation following elective cardiac arrest is: 

1. Perfusion is continued and/or increased. 

2. Distention of the heart is avoided by manual! compression, if necessary. 
The aortie caval clamps are opened slowly to prevent flooding and dilating the 
heart. 

3. If the blood pressure is low, Aramine (2.5-5 mg.) is added to the oxy- 
genator. The pumps are regulated to increase the patient’s blood volume, if 
it appears low. 

4. Oxygenation is increased by raising the disc rotation rate. 
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TABLE II. DATA ON 45 ELECTIVE CARDIAC ARRESTS 
DURATION 
OF AORTIC POST-ARREST 
OCCLUSION | VENTRICULAR 
LESION (MIN. ) FIBRILLATION | TREATMENT 
IVSD 13 10 min. Electric defibrillation 0.1 sec., 
110 volts 
IVSD 21 None Spontaneous systole with per- 
fusion 
IVSD 18 20 min. Electric defibrillation 0.1 sec., 
110 volts 
IVSD 7 None Spontaneous systole with per- 
fusion 
IVSD 23 9 min. Spontaneous systole with per- 
fusion 
IVSD 37 None Spontaneous systole with per- 
fusion 
IVSD 28 1 min. Spontaneous systole with per- 
fusion 
IVSD 15 None Spontaneous systole with per- 
fusion 
IVSD 28 8 min. Electric defibrillation 0.1 sec., 
85 volts* 
IVSD 41 24 min. Electric defibrillation 0.1 sec., 
80 volts 
IVSD 35 8 min. Electric defibrillation 0.1 sec., 
110 voltst 
IVSD 59 None Spontaneous systole with per- 
fusion 
IVSD 11 3 min. Spontaneous systole with per- 
fusion 
IVSD and IASD 24 3 min. Spontaneous systole with per- 
fusion 
Tetralogy 11 6 min. Electric defibrillation 0.1 sec., 
85 volts 
Tetralogy 7 2 min. Spontaneous systole with per- 
fusion 
Tetralogy 17 3 min. Spontaneous systole with per- 
fusion 
Tetralogy 26 None Spontaneous systole with per- 
fusion 
Tetralogy 50 18 min. Recovery with Isuprel, 0.1 mg. 
Tetralogy 60 19 min. Electric defibrillation 0.1 sec., 
110 volts 
Tetralogy 38 None Spontaneous systole with per- 
fusion 
Tetralogy 23 5 min. Recovery with Isuprel, 0.1 mg. 
Tetralogy 13 2 min. Electric defibrillation 0.1 sec., 
60 volts 
Tetralogy 41 4 min. Electric defibrillation 0.1 sec., 
85, volts 
Tetralogy 46 2 min. Spontaneous systole with per- 
fusion 
Tetralogy 30 None Spontaneous systole with per- 
fusion 
Tetralogy 60 None Spontaneous systole with per- 
fusion 
Reoperation—tetralogy 16 None Spontaneous systole with per- 
fusion 
Reoperation—tetralogy 35 None Spontaneous systole with per- 
fusion 
*Acetylcholine cardioplegia. 
Ventricular fibrillation to ventricular tachycardia. Treatment, Lanatoside C in the 


oxygenator. 
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Volume 45 
Number 6 
TABLE II—ConrT’p 
DURATION 
OF AORTIC POST-ARREST 
OCCLUSION | VENTRICULAR 
LESION (MIN. ) FIBRILLATION TREATMENT 
Reoperation—tetralogy 35 6 min. Recovery with Isuprel, 0.1 mg. 
Pentalogy 54 8 min. Electric defibrillation 0.1 sec., 
60 volts 
Pentalogy 21 None Spontaneous systole with per- 
fusion 
Pentalogy 29 16 min. Electric defibrillation 0.1 sec., 
60 volts 
Transposition 2 8 min. Spontaneous systole with per- 
fusion 
Coarctation of aorta and IVSD 44 > 1 hour No recovery} 
Mitral insufficiency 24 > 1 hour No recovery 
Mitral insufficiency 16 17 min. Recovery with Isuprel, 0.2 mg. 
Mitral insufficiency 18 None Spontaneous systole with per- 
fusion 
Mitral insufficiency 35 > 1 hour No recovery 
Mitral insufficiency and 
aortic stenosis 16 12 min. Recovery with Isuprel, 0.1 mg. 
Mitral stenosis 8 8 min. Electric defibrillation 0.1 sec., 
110 volts 
Mitral and tricuspid stenosis 35 11 min. Recovery with Isuprel, 0.1 mg. 
Aortic stenosis 20 None Spontaneous systole with per- 
fusion 
Aortic insufficiency 17 31 min. Recovery with Isuprel, 0.1 mg. 
Aortic insufficiency 29 16 min. Electric defibrillation 0.1 sec., 


110 volts 





tOld infarct. 


5. When the heart appears well oxygenated, with good tone, and in rapid 
fibrillation, electric defibrillation is attempted. However, approximately one 
minute before this is attempted, a large dose of succinylcholine chloride (60 to 


150 mg.) is added to the oxygenator. 
If unsuccessful, the voltage is increased. 


tion is used first. 


single shock is followed by effective systole. 

6. If ventricular fibrillation appears slow and wormy, and the heart is 
flaccid, 0.05 to 0.2 mg. of Isuprel is added to the oxygenator. This is frequently 
followed within 2 minutes by effective systole (Table III). 


TABLE III. 


Low voltage shock at 0.1 second’s dura- 


Frequently a 


SUMMARY OF TREATMENT OF POST-ARREST VENTRICULAR FIBRILLATION 











Number of elective cardiae arrests 45 
Ventricular fibrillation 31 
Treatment 

A. Continued perfusion 8 

B. Isuprel defibrillation 7 

C. Electric defibrillation 13 


D. No recovery 





Coronary Perfusion.—The complications attendant on the use of elective 
cardiae arrest during surgery of the aortic valve have led to the use of direct 
coronary perfusion. This technique was used on 5 patients in this series 
(Table IV). Following temporary elective cardiac arrest with acetylcholine the 
aorta is opened, and the coronary ostia are cannulated with specially designed 


coronary cannulae. The coronary perfusion is then maintained by an auxiliary 


pump and reservoir drawing blood from the arterial end of the oxygenator. 
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Coronary perfusion is increased until cardiae contractions appear normal and 
the electrocardiogram resembles the pre-bypass pattern (Fig. 7). Perfusion has 
been maintained for periods up to 160 minutes. 















































Fig. 7.—Electrocardiogram (Lead II) and EEG of 34-year-old male during total bypass 


for correction of rheumatic aortic insufficiency. 1, Prior to bypass. 2, Acetylcholine arrest. 
8, Coronary perfusion. 250 c¢.c. per minute. }, Coronary perfusion, 300 c.c. per minute. 
5, Idioventricular rhythm terminated by continued perfusion and atropine sulfate, 0.2 meg., 
into the oxygenator. 6 and 7, Postperfusion recovery period. 

DISCUSSION 


The Kay-Cross pump-oxygenator has proved to be a satisfactory means 
of maintaining circulation and oxygenation during operative repair of intra- 
‘ardiae lesions. The application of direct vision surgery to the repair of 
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TABLE IV. CORONARY PERFUSION DATA 








PERFUSION RATE 
PATIENT (C.C./MIN. ) TIME ( MIN.) COMMENTS 
A.S. 350 42 Idioventricular rhythm immediately 
following perfusion 
Treatment 0.4 mg. atropine 





C. C. 200-350 40) Ventricular fibrillation during per- 
fusion 
Inadequate perfusion* 
J.J. 400 72 Adequate perfusion 
A. Z. 350 60 Adequate perfusion 
W.L. 250-400 160 Adequa‘e perfusion 





*Preoperative ECG evidence of coronary disease. 


acquired valvular defects has been the result of increased pump-oxygenator 
capacity, greater knowledge of perfusion techniques, and improvement in 
operative management. 

The monitoring devices used in this series have been valuable adjuncts, not 
only in operative management of the individual patient, but also in increasing 
our knowledge of the bypass phenomenon. However, a careful clinical evalu- 
ation of the patient’s condition remains the best criterion for safe management 
during operation and especially during the bypass period. 

The electrocardiogram has been most useful in determining diagnosis and 
the results of treatment of arrhythmias, especially following elective cardiac 
arrest. When direct coronary perfusion is employed, the electrocardiogram, 
as well as direct visualization, is used as a guide to adequate perfusion. 

The electroencephalogram has verified our impression of the depth of 
anesthesia and the signs of cerebral hypoxia. When the encephalogram has 
flattened or delta waves have appeared, there has always been simultaneous 
clinical evidence of inadequate cerebral circulation, that is, widely dilated, non- 
reactive pupils. This usually accompanies an excessive fall in arterial pressure. 

In our hands, the proper operation of the pump-oxygenator depends upon 
the continuous measurement of femoral artery and superior vena caval pres- 
sures. These measurements, together with the clinical evaluation of the patient, 
that is, the appearance of the conjunctival vessels,?! enable us to maintain a 
relatively consistent patient blood volume during bypass. 

The Clark oxygen electrode has been a useful qualitative tool in determining 
what influences pO. changes during bypass. We have been unable to verify 
its accuracy by repeated oxygen saturation determinations with the methods 
described by Peters and Van Slyke.*4 These determinations were corrected for 
temperature and pH of the blood.?®> The quantitative inaccuracy of the Clark 
oxygen electrode, as used in the oxygenator, is probably due to the lack of 
control of temperature of the electrode and of the agitation rate of blood at the 
electrode membrane surface, plus the inability to perform frequent calibrations 
of the electrode. An apparatus has been deseribed by Severinghaus*® which is 
designed to eliminate these sources of error. 

As has been described by others,®»* 1° metabolic acidosis was observed 
during bypass. The metabolic acidosis, as evidenced by a fall in blood buffer 
bases, oceurs rapidly after the beginning of bypass (Fig. 5). 
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The blood used to prime the oxygenator develops a considerable degree 
of metabolie acidosis. This is in agreement with the findings in earlier work.?! 
In 50 consecutive eases shown in Fig. 5, it is seen that the blood buffer base 
level of the blood in the oxygenator prior to bypass is the same level on the 
average to which the patient’s blood buffer bases fall during bypass. There 
is no evidence of a progressive fall from this point to the end of the bypass, 
in a significant number of cases. This will be reported in detail at a later date. 

There are two questions which arise: (1) How much of the metabolic 
acidosis which occurs during bypass is due to the donor blood used to prime 
the oxygenator? (2) Is the absence of a progressive metabolic acidosis during 
bypass an indication of adequate perfusion? 

In the post-bypass period, there is a spontaneous correction of the metabolie 
acidosis without specific treatment, provided circulation is adequate. Any 
metabolic acidosis occurring in the postoperative period is a reflection of the 
circulatory status of the patient. We have not seen postoperative metabolic 
acidosis as a primary cause of circulatory failure.’? 

Elective cardiae arrest is a useful and sometimes essential adjunct to open 
heart surgery. It is a definite added hazard, however, especially in acquired 
heart disease. It was initially employed during the correction of mitral valvular 
lesions with the thought that it might be a preventive factor in air embolism. 
It was subsequently found to be not only unnecessary, but also disadvantageous. 
The surgical correction of valvular lesions is more difficult to evaluate in the 
motionless, flaccid heart. The rheumatic heart poorly tolerates elective cardiac 
arrest, probably because rheumatic heart disease involves the myocardium with 
scarring, dilatation, and hypertrophy. In aortie valvular disease particularly, 
the markedly hypertrophied muscle mass may be out of proportion to its avail- 
able coronary supply. The myocardial anoxia produced by elective cardiae 
arrest even for short periods leads to difficulty in the post-arrest period, with in- 
adequate systole and/or ventricular fibrillation. This has not infrequently 
compromised an otherwise successful surgical correction. 

The advantages of elective cardiac arrest are (1) ease of closure of septal 
lesions due to decreased regurgitant blood and a quiet field, (2) reduction in 
hemolysis due to decreased bypass time and coronary sump suction, and (3) 
reduction of blood loss during bypass. The disadvantages of elective cardiac 
arrest are (1) the frequent occurrence of post-arrest ventricular fibrillation, 
(2) the inability to evaluate the surgical correction of valvular lesions, (3) 
the possibility of distortion of intracardiae structures, (4) the danger of over- 
distention of the flaccid arrested heart, and (5) the increased danger of post- 
operative A-V heart block following the closure of ventricular septal defect. 
The latter has not been seen in this series, but is reported by others." * 

The occurrence of post-arrest ventricular fibrillation has been a common 
complication of elective cardiac arrest (Tables II and IIT). The flaceid, 
arrested heart is easily over-distended and this is probably a contributing 
factor in the etiology of this complication. It is generally agreed that the 
longer the heart is arrested, the greater the degree of anoxia and possible 
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myocardial damage which predisposes to the production of ventricular fibrilla- 
tion. It is difficult to predetermine which heart will tolerate elective cardiac 
arrest. It is apparent that children with congenital heart lesions, especially 
those of the cyanotic group, tolerate elective cardiac arrest much more readily 
than those with acquired lesions. 

In patients with ventricular septal defects and tetralogy of Fallot, removal 
of the aortic clamp and resumption of coronary flow are instituted prior to 
complete closure of the septal defect, as an aid in the prevention of distention 
of the left ventricle. In other instances, when necessary, decompression of 
the left auricle is utilized. These are felt to be valuable adjuncts in re- 
starting the heart and preventing ventricular fibrillation. 

Before attempting defibrillation, effort should be made to improve per- 
fusion and oxygenation of the myocardium. During electric defibrillation 
a marked drop in pO, in the arterial end of the oxgenator is noted when no 
succinylecholine is used. This occurs at a time when adequate oxygenation is 
of prime importance, i.e., during defibrillation. The massive skeletal muscle 
contractions occurring with electric shock increase oxygen consumption. This 
results in a return of grossly desaturated venous blood to the oxygenator. 

The administration of a paralyzing dose of succinyleholine chloride into the 
oxygenator prevents this marked drop in pO, as well as the accidental dislodg- 
ment of one of the numerous cannulae connected to the patient. 

Isuprel has been an effective chemical defibrillating agent when ‘‘slow’’ 
ventricular fibrillation occurs following elective cardiac arrest. The diagnosis 
of ‘‘slow’’ fibrillation cannot be made with the electrocardiogram but is made 
by direct observation of the heart. The ventricles present a wormlike, flaccid 
appearance. 

The mechanism of action of Isuprel in the treatment of ventricular fibrilla- 
tion is not entirely clear. During ventricular fibrillation the auricles are fre- 
quently beating normally. It is postulated that the combination of marked 
myocardial stimulation, increased conductivity,’” 7? and stimulation of the higher 
rhythmie foci produces an impulse which overwhelms the ventricular fibrilla- 
tion cycle, resulting in ventricular systole. 

Direct coronary perfusion permits a safe, prolonged exposure of the aortic 
valve, with a beating, well-oxygenated heart. Surgery of the aortie valve fre- 
quently requires long periods of exposure. It is difficult to predict preopera- 
tively which valves will require extensive valvuloplasty or prosthetic replace- 
ment. 

The technique of direct coronary perfusion obviates the disadvantages of 
elective cardiae arrest without coronary perfusion. 


The Prevention and Treatment of Heart Block.—Heart block has not been 
an important factor in this initial series of 200 patients, having actually oe- 
curred only once in an instance of surgical correction of transposition of the 
great vessels 2 years ago. Patients with low atrial septal defects, septum 


— 


primum, endocardial cushion or atrioventricularis communis defects, tetralogy 
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of Fallot, and ventricular septal defects are the ones most likely to develop 
such a complication. When sutures are necessary in areas of the A-V node or 
bundle, great care is exercised to note electrocardiographice changes during their 
placement and only small sections of tissue are so included in individual sutures. 
During the past year, as a precautionary measure, platinum electrodes are 
sutured to the myocardium and brought out through separate stab wounds, in 
instances where there has been some transient irregularity in the electrocardio- 
gram during the surgical correction. The electrocardiographie changes noted 
in open heart surgery have been previously reported.” 


CONCLUSIONS 


1. Modifications of the Kay-Cross pump-oxygenator have increased its elini- 
eal application by increasing its oxygenating ability. 

2. A number of monitoring devices are used to aid in safe management of 
open heart surgery. These have supplemented but have not replaced the clini- 
eal evaluation of the patient. 

3. Ventricular fibrillation is a common complication following elective 
eardiae arrest, especially in acquired diseases of the heart. 

4. A marked drop in oxygen tension in the oxygenator oceurs during elec- 
trie defibrillation. Suecinyleholine chloride in paralyzing doses prevents this. 

5. Isuprel is an effective chemical defibrillating agent when ‘‘slow’’ ven- 
tricular fibrillation occurs. 

6. The metabolic acidosis which occurs early during the bypass spon- 
taneously corrects itself in the post-bypass period provided circulation is ade- 
quate. 

7. Direct coronary perfusion is a valuable adjunct in the management of 
open aortie valvular surgery. 
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SURGICAL CORRECTION OF TRANSPOSITION OF THE 
GREAT VESSELS 


AKE SENNING, M.D., StockHoLM, SWEDEN 
(From the Thoracic Clinic, Karolinska Sjukhuset, and the Department of Experimental 


Surgery, Karolinska Institutet ) 


RANSPOSITION of the great vessels is a congenital heart malformation 

which causes cyanosis, with about the same incidence as tetralogy of 
Fallot. It is one of the most common anomalies which cause death during the 
first period of life. In complete transposition, the aorta emanates from the 
right ventricle and receives systemic venous blood. The pulmonary artery 
emanates from the left ventricle and directs the arterialized blood back to the 
lungs. The only possibility of survival for children post partum is the presence 
of associated defects which shunt blood between the systemic and pulmonary 
circulation. A persistent foramen ovale, an atrial septal defect, a persistent 
ductus arteriosus, and ventricular septal defect are the most common associated 
defects and oceur in 75 to 100 per cent of the cases reported in the literature.* ° 

From a surgical point of view, it ean be considered that the pulmonary 
artery and the aorta have about the same diameter in 60 per cent of the cases. 


The coronary arteries always leave the aorta and, according to Mustard,** they 
usually extend in front of the pulmonary artery. In 4 of our 6 eases, there 
were two coronary arteries which originated near each other on the back of 
the aorta. The right coronary artery was wide and divided into two branches. 
One right branch corresponded to a normal right coronary artery, and a left 
branch, extending behind the pulmonary artery, supplied the same region as 


an ordinary circumflex branch of a left coronary artery. The descending 
branch of a normal left coronary artery was, in these instances, replaced by a 
narrow left coronary artery. The right ventricle, maintaining the systemic 
circulation, is always hypertrophic. The left ventricular myocardium is hypo- 
trophic in eases of intact ventricular septum and elosed ductus. 

Since the prognosis for these patients is very bad,* ” ° many attempts have 
been made to correct transposition of the great vessels. Operative procedures 
used on the arterial side have been unsuccessful.” * * 7! With operations on 
the venous side,* ® ® the survival rate has been improved, but mortality has 
been high.* Merendino and co-workers’® have performed interatrial venous 
transposition with the aid of a plastic prosthesis, with no survivals to the present 
time. Albert' has tried experimentally to use an anterior atrial septal flap for 


9 


correction. 
Two new different surgical methods for complete correction of transposi- 
tion of the great vessels have been worked out experimentally; one in 1955 on 
Received for publication Sept. 29, 1958. 
*The best results have been those obtained with Baffes’ method.” 
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the arterial side, and one in 1957 on the atrial level.» The methods have been 
used clinically, with one survival, by the atrial method. The principle of the 
experimental work has been to divert the blood flow to or from the ventricles 
with maintained perfusion pressure in the aorta and the coronary arteries, 
without using a prosthesis or graft which might result in obstruction of the 
blood stream later as the children grow. 


} 


Fig. 1.—Steps in surgical correction on the arterial side of transposition of the great 
vessels. 1, Defect in a case of complete transposition of aorta and pulmonary artery com- 
bined with ventricular septal defect and persistent ductus arteriosus. 2, First stage of repair: 
the pulmonary artery with its valves dissected free; the persistent ductus arteriosus ligated. 
3, Second stage of repair: the root of the aorta sutured to the mitral valve and to the left 
ventricle; the upper ridge of the ventricular septum sutured to the right of the aortic root. 
4, Repair completed: the root of the pulmonary artery sutured to the right ventricle. AO— 
aorta; PA—pulmonary artery; RV—right ventricle; LV—left ventricle. 


CORRECTION OF TRANSPOSITION OF THE GREAT VESSELS ON THE ARTERIAL SIDE 
With this method, the aorta, including its coronary arteries, is transposed 
to the left ventricle and the pulmonary artery to the right (Fig. 1). The pul- 
monary artery with its valve is dissected from the left ventricle (Fig. 1, 2). 
The resulting hole is limited on the right by the aorta and the interventricular 
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septum and on the left by the anterior mitral cusp, where this meets the atrial 
wall in annulus fibrosus. This hole is sutured and thus the anterior mitral cusp 
is fixed to the aortic root (Fig. 1, 2). A right ventriculotomy is made over the 
outflow tract. Part of the right aortic border is dissected from the right ven- 
tricular wall. An Ivalon sponge prosthesis is sutured into the ventricular 


septal defect and the upper part of the prosthesis is sutured to the right of the 








’ Fig. 2.—Diagram of atrial correction of transposition of the great vessels. 1, preopera- 
tive conditions. 2, The atrial plastic indicated by arrows. « and 2% indicate incisional 
edges to be sutured together. 3, Postoperative condition. Flow pathways indicated. 
aorta. Thus, the aorta communicates directly with the left ventricle through 
the ventricular septal defect (Fig. 1, 3) and then the pulmonary artery root 
is sutured into the right ventricle (Fig. 1, 4). In this way, complete correction 
of the transposed vessels is achieved. 
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This method was used in 3 patients, 2 with and one without ventricular 
septal defect. The first patient, a 6-month-old child, was operated upon under 
hypothermia (22° C.), combined with perfusion of oxygenated blood through 
the carotid arteries and induced ventricular fibrillation. During rewarming, 
after the cardiae correction had been made, there was good eardiae action and 
the child was breathing spontaneously, when hemorrhage, caused by fibrinolysis, 








occurred and the baby died.° 

In 2 eases, operations were performed under extracorporeal circulation 
with the AGA heart-lung machine. In both these patients, spontaneous heart 
action was restored with a good pressure in the pulmonary artery during the 
extracorporeal circulation. However, the patients could not maintain good 
arterial blood pressure after the bypass was completed and both died. 


f 
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Fig. 3.—Sketch of atrial operation for the correction of transposition of the venous side. 
Right auricle (RA) incised between and in front of venae cavae. Right pulmonary veins 
(RPV) incised at the entrance into the left auricle. Interatrial septum (JAS) cut to form 
a posterior flap (marked with an arrow). Tricuspid orifice (7), mitral orifice (4M), superior 
vena cava (SVC), inferior vena cava (IVC). The auricularseptal flap will be sutured to the 
posterior wall of the left auricle in front of the left pulmonary veins, the posterior part of 
the right auricular wall to the rest of the interauricular septum 2 to @, and finally the an- 
terior part of right atrial wall to the right pulmonary veins (xx to #@). 











INTERATRIAL CORRECTION OF TRANSPOSITION 






The principle of this operation is illustrated in Figs. 2 and 3. 
The operations are performed under extracorporeal circulation with the 
Crafoord-Senning-AGA heart-lung machine.* <A transsternal incision through 
the fifth costal bed is made. The venous cannulae are introduced into the 
superior vena cava through the azygos vein, and into the inferior vena cava 
through the femoral vein. The arterialized blood is returned to the body 
through the femoral artery. During extracorporeal bypass the aorta is clamped 
to produce an anoxic cardiac arrest. The clamp is released for a short period 
every 20 to 25 minutes. If a persistent ductus arteriosus is present, this is 
ligated. An incision, as long as possible, is made in the right atrium in front 
of and parallel to the venae cavae. The right pulmonary veins are incised im- 
mediately to prevent pulmonary vascular overload; the incision is made as near 













*Manufactured by AGA, Lidingé, Sweden. 
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as possible to the left atrium. The interatrial groove can be slightly dissected 
to gain some tissue (Fig. 4). By a U-shaped incision, the atrial septum is made 
into as big a posterior flap as possible. If a large atrial septal defect is present, 
as in our Case 3, this is widened upward and downward and a posterior flap 
is formed. The anterior rim of the atrial septum is resected. 

When the U-shaped incision is made or the anterior part of the septum is 
resected, great care must be taken not to damage the A-V bundle and it is 
therefore safe to leave some tissue intact above and in front of the coronary 
sinus. In our first 2 patients, the orifice of the coronary sinus was widened 
into the left atrium by an incision, but in both these patients A-V_ block 
occurred. 








incised along entrance in the left atrium, right 
(SVC) and inferior 
grasped 
RV—right ventricle; JAS—rest of 


Fig. 4.—Right pulmonary veins (RPV) 
atrium incised between, in front of, and parallel to superior vena cava 
venous caval vein (IVC). Atrial septum incised creating a posterior flap (AS flap, 


by two forceps). OCS—Coronary sinus; 7T—tricuspidalis; 
atrial septum. (Postmortem specimen from Case 4.) 

Separation of pulmonary veins from the left atrium is achieved by suturing 
the atrial septal flap to the posterior wall of the left atrium in front of the 
left pulmonary veins. With three stay sutures placed from the outside of the 
left atrium, one above, one below, and one between the pulmonary veins and 
in front of them, the upper corner, the middle part, and the lower corner of 
the created atrial septal flap are fixed in position. Thereafter, the edge of the 
atrial septal flap is sutured to the left atrial wall with a continuous over-and- 
over suture. To get a tight suture line, a finger or an instrument is held 
behind the flap. In Fig. 5 the suture is completed and Fig. 6 shows the 
orifices of the left pulmonary veins separated from the anterior part of the 
left atrium. 
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Diversion of caval and coronary sinus venous blood to the left and creation 
of the ‘‘venous atrium’’ are shown in Fig. 7. The anterior edge of the posterior 
part of the original right atrial wall is fixed to the lower rim of the created 
atrial septal defect, downward to the anterior and inferior lip of the coronary 
sinus orifice and then anterior to the entrance of the inferior vena cava. The 





Fig. 5.—Interatrial septal flap sutured to posterior wall of left atrial wall in front of left pul- 
monary veins. (Postmortem specimen from Case 4.) 





Fig. 6—The same step as in Fig. 5. Heart rotated forward. The atrial flap is sepa- 
rating the pulmonary veins from the anterior part of the left atrium. (Postmortem specimen 
from Case 4.) 


suture is continued upward over the defect to the posterior wall of the right 
atrium in front of the superior vena cava. The venous return from the caval 
veins as well as the coronary sinus blood thus is directed to the left. A ‘‘venous 
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atrium’’ is created, limited posteriorly by the atrial septal flap, to the right 
by the posterior part of the right atrial wall, and anteriorly by the remainder 
of the left atrium. 


‘ 


Creation of an ‘‘arterial atrium’’ is shown in Fig. 8. The pulmonary 


‘‘venous atrium”’ by the atrial septal flap. 


venous return is shut off from the 





Fig. 7.—Creation of a “venous atrium” by diversion of caval and coronary sinus venous 
blood to the left. The posterior part of the lateral right atrial wall (RA) sutured anterior 
to and to the right of the inferior vena cava and the coronary sinus, further into the created 
interatrial septal defect and anterior to the superior vena cava. A “venous atrium” is created 
consisting of the anterior part of the left atrium limited posteriorly by the atrial septal 
flap and to the right by the posterior part of the right atrial wall. Into this venous chamber 
both caval veins and coronary sinus empty. (Postmortem specimen from Case 4.) 


- - 








Fig. 8.—The creation of an “arterial atrium.’’ The edge of the anterior rest of the 
right atrial wall is sutured anteriorly to the wall of both caval veins and to the lateral edge 
of the incision in the right pulmonary veins. The “arterial atrium” consists of the posterior 
part of left atrium (with the entering pulmonary veins) and the anterior part of the original 
right atrium. (Postmortem specimen from Case 4.) 
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The ‘‘arterial atrium’’ is created by suturing the edge of the anterior part of 
the right atrial wall, first in front of the entrance of both caval veins into the 
original right atrium without strangulating the entrance, and then to the 
lateral incisional edge of the right pulmonary veins. The ‘‘arterial atrium’’ 
consists of the posterior part of the original left atrium with the entrance of 





_ Fig. 9.—“Arterial atrium’? opened and seen from behind. Forceps into the ‘‘venous 
atrium” through inferior caval vein. The posterior part of the original left atrium with enter- 
ing pulmonary veins empty through a wide opening into the anterior remainder of the original 
right atrium. (Postmortem specimen from Case 4.) 


the pulmonary veins, limited anteriorly against the left auricle by the atrial 


septal flap and communicating widely behind the venae cavae with the anterior 


remainder of the original right atrium. 
Figs. 9 and 10 are shown to clarify the condition of the created atrial 


chambers. In Fig. 9, the ‘‘arterial atrium’’ with the pulmonary veins is opened 
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from behind with a transverse incision. A pair of forceps is introduced into 
the ‘‘venous atrium’’ through the inferior vena cava. The atrial septal flap 
separates the vena cava from the ‘‘arterial atrium.’’ The wide communication 
between the pulmonary veins and the anterior remainder of the original right 
atrium is seen. 





Fig. 10.—‘‘Venous atrium” seen from behind, opened through the inferior vena cava 
(along incision indicated in diagram of Fig. 9). The posterior wall is folded upward. For- 
ceps in the orifice of the superior vena cava. Suture line between posterior left atrial wall 
and atrial septal flap is seen above forceps. a#—Suture line between posterior part of the 
right atrial wall and the created atrial septal defect below (axa). Orifice of coronary sinus 
hidden. (Postmortem specimen from Case 4 





In Fig. 10 the ‘‘venous atrium’’ is opened along the line indicated in the 
diagram of Fig. 9. The posterior wall is folded upward and grasped with two 
clamps. The forceps are inserted from above into the orifice of the superior 
vena cava. The suture line between the atrial septal flap and the posterior 
wall of the left atrium is seen above the forceps. The suture line of the pos- 
terior part of the lateral wall of the original right atrium, sutured into the 
created defect to divert venous blood to the left, is seen below the forceps. 
There is no strangulation of the entrance of the venae cavae into the ‘‘ venous 
atrium.’’ (The orifice of the coronary sinus is masked in the photo.) 
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CASE REPORTS 


CasE 1.—A_ 6-week-old child, severely ill, had a diagnosis of transposition plus 
persistent ductus arteriosus plus small open foramen ovale. The arterial oxygen saturation 
was 39 per cent. Ventricular fibrillation occurred before cannulation was finished. 
Extracorporeal circulation was started. Pulmonary vascular overload with pulmonary 
edema was caused by flow through a wide typical persistent ductus arteriosus before the 
ductus could be dissected and clamped. A typical operation was performed. After 
correction under anoxic cardiac arrest and release of the aortic clamp, spontaneous 
defibrillation occurred. There was good heart action, but complete A-V block. There was 
94 per cent arterial oxygen saturation when the patient was ventilated with 100 per cent 
oxygen. The child was awake for a few hours, There was increasing respiratory resistance 
and ventilatory insufficiency developed. The patient died 18 hours postoperatively. 
Postmortem examination showed complete surgical correction. The lungs were engorged 
with blood and edematous fluid. Cause of death: pulmonary vascular overload. 


Case 2.—The patient was a boy, 10 years of age, who was cyanotic and underdeveloped. 
The diagnosis was transposition of great vessels plus ventricular septal defect and valvular 
pulmonary stenosis. There had been cerebral emboli with hemiplegia at 2 years of age. 
The arterial oxygen saturation was 62 per cent. The pressures in both ventricles were 
equilibrated. The operation was a typical atrial correction of transposition of great vessels 
plus closure of the open foramen ovale plus closure of a ventricular septal defect with 
insertion of an Ivalon sponge prosthesis and resection of left ventricular subvalvular 
stenosis plus pulmonary valvular commissurotomy. During the operation, the left 
ventriculotomy was first sutured directly without resection of the left ventricular outflow 
tract, but the resistance to the left ventricle was found to be too great. For this reason 
the ventriculotomy was reopened, the resection made, and the ventriculotomy closed again. 
Since the ventricular septal defect was closed during this procedure a pulmonary overload 
with pulmonary edema developed rapidly. The patient died from increasing ventilatory 


insufficiency 5 hours postoperatively. 


Case 3.—The patient was a 9-year-old boy with cyanosis. The diagnosis was 
transposition of the great vessels and atrial septal defect. The arterial oxygen saturation 
was 69 per cent. Selective angiocardiography with injection of dye into the right ventricle 
showed the aorta originating from an anatomically typical right ventricle with hypertrophic 
myocardium (Fig. 11, 4). The operation was a typical one for atrial correction and 
ligature of persistent ductus arteriosus under anoxic cardiac arrest. The anterior rim 
of the atrial septum was resected and the posterior part of the atrial septum used as flap. 

After correction and releasing of the aortic clamp, good spontaneous heartbeats with 
regular auricular and ventricular action were rapidly restored and there was good arterial 
blood pressure. After the bypass was finished, arterial saturation was 100 per cent on 
ventilation with 60 per cent oxygen. A tracheostomy was performed and the patient was 
under artificial ventilation in a respirator for 3 days. There was an uncomplicated 
postoperative course. 

Re-examination 6 weeks postoperatively showed no cyanosis, and catheterization showed 
no signs of stenosis of the entrance of the venae cavae into the created left ‘‘ venous atrium,’’ 
and no shunts on the atrial or ventricluar level. The arterial saturation was 94 per cent 
(during anesthesia and spontaneous respiration). The patient was in extremely good 
physical condition. 

Angiocardiography with injection into the venous atrium (Fig. 12, A and B) showed 
normal reflux into both superior and inferior venae cavae and no stenosis. The left 
ventricle and pulmonary artery were filled from the malformed ‘‘venous atrium.’’ During 
the refilling phase (Fig. 12, C and D), the pulmonary veins are seen separated from the 
remainder of the left atrium forming together with the remainder of the original right 
There were no shunts. These conclusions are confirmed on 


atrium the new “arterial atrium.” 
side views (Fig. 13). 
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Fig. 11.—Preoperative selective angiocardiograph. 
A, Injection in right ventricle. Aorta emanates from an anatomically typical right ven- 
tricle. CrSu—cCrista supraventricularis. 
8B, Injection in left ventricle. The pulmonary artery emanates from an anatomically 
typical left ventricle. 
(Angiocardiography was performed in the Department of Radiology of the Children’s 
Clinic and Thoracic Clinic, Karolinska Sjukhuset.) 
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Case 4.—The patient was a _ 6-year-old underdeveloped girl with cyanosis. 
The diagnosis was transposition of the great vessels and ventricular septal defect. The 
arterial oxygen saturation was 59 per cent. A typical atrial correction was made during 
17 minutes of extracorporeal circulation. The aorta was unclamped and there was good 
regular heart action with regular atrial action and no A-V block. The extracorporeal 
circulation was interrupted and there was good atrial blood pressure. Extracorporeal 
circulation was started again and the aorta was clamped. An Ivalon sponge prosthesis was 
sutured into a 1 by 1.5 em. wide ventricular septal defect through a left ventriculotomy 
followed by a complete A-V block with low ventricular frequency and low arterial blood 


A. B. 








C. D. 

Fig. 12.—Postoperative angiocardiography. Injection into “venous atrium.” Frontal 
projection. A and B, “Venous atrium’ filled. Reflux into caval veins. LA app.—tLeft atrial 
appendage. OC and D, “Arterial atrium” in pulmonary refilling phase. RA app.—Right atrial 
appendage. 


pressure. With Adrenalin the A-V block changed to 1:2, with higher frequency and improved 
blood pressure. It was difficult to maintain good blood pressure. The patient was conscious 
for 4 hours. The arterial oxygen saturation was 97 per cent. The blood pressure fell and 
death ensued. On removal of the drainage tubes, about 400 ¢.c. of blood poured out from 
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the right chest. A postmortem examination showed another 200 c.c. of blood in the chest 
cavities. The heart showed complete atrial correction (Figs. 4-10). The ventricular septal 
defect was well closed. The contributing cause of death was intrathoracic bleeding. 


DISCUSSION 
Transposition of the great vessels is a congenital anomaly with a bad 
prognosis. Since operations for this anomaly have to be performed in small 
children, a method for correcting the defect has been developed avoiding the 











Fig. 13.—Postoperative angiocardiography. Injection into ‘‘venous atrium.” Side pro- 
jection. 

A, Caval veins, “venous atrium” (Ven. atr.), left ventricle, and pulmonary artery visu- 
alized. 

B, Refilling phase. “Arterial atrium” (Art. atr.), right ventricle, and aorta visualized 
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use of prosthesis or grafts which later, when the child is growing, may lead to 
obstruction of the blood stream. 

The deseribed method used on the arterial side for correcting transposition 
was used clinically three times. In all 3 cases there was a good postoperative 
blood pressure in the pulmonary artery, but in the last 2 eases the pressure in 
the aorta was very low. 

Before the operation, the left ventricle had mainly supplied the pulmonary 
circulation; however, as in 2 of the cases there was a large ventricular septal 
defect, the left ventricle should have been sufficiently strong to be able to 
maintain a good systemic circulation. Possibly there was a mitral or aortic 
insufficiency due to valvular distortion, resulting from the suture of the hole 
left after the dissection of the pulmonary artery root. Whether or not there 
were other causes of death is difficult to judge. This method seemed suitable 
in eases with large ventricular septal defects but as the surgical technique is 
rather difficult, no further clinical trials have been made. 

Methods for correcting transposition on the atrial level were worked out. 
Principally, the original atrial chambers are rebuilt to form a ‘‘ venous atrium’’ 
consisting of the anterior part of the original left atrium together with the 
posterior part of the right atrium. The ‘‘arterial atrium’’ consists of the pos- 
terior part of the left atrium with the entrance of pulmonary veins and the 
anterior part of the right atrium. 

There are several procedures to be considered; pulmonary veins can be 
separated from the left atrium by a duplication of the posterior wall or with 
the aid of a small prosthesis, or part of the right atrial wall. The venae cavae 
ean be diverted to the left through a created atrial septal defect with the aid of 
an anterior atrial septal flap or a small prosthesis. The atrial septum can be 
incised longitudinally, a posterior flap being used to divert pulmonary venous 
return and an anterior flap to divert systemic venous return. 

According to electrocardiographie examination, catheterization, and angio- 
eardiography of the surviving patient, the function of the atrial chambers seems 
to be good despite this remodeling. In this patient, there are no arrhythmias; 
the different parts of the atrium seem to contract simultaneously. Catheteriza- 
tion reveals no stenosis between the caval veins and the venous atrium and, on 
angioeardiography, the reflux to the superior and the inferior venae cavae 
seems to be normal. 

In the first 2 cases, the coronary sinus was incised from the left atrium to 
facilitate diversion of the coronary sinus blood to the left. This might have 
been the eause of the A-V block in these 2 patients. In the last patient, the 
A-V block appeared after closure of the ventricular septal defect. 

It is difficult to judge whether or not associated defects should be closed 
during the same operation. A persistent ductus arteriosus is easily closed and 
this should be done unless there is a distinet contraindication, for example, 
excessive pulmonary vascular resistance. An associated ventricular septal 
defect was closed in Cases 2 and 4. This considerably prolonged the perfusion 
time and increased operative cardiae trauma and seems to have been the actual 
cause of death in Case 2, in which a pulmonary vascular overload occurred 
during closure of the left ventriculotomy. It would evidently have been wise 
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to postpone the final closure of the ‘‘arterial atrium.’’ If there is a ventricular 
septal defect combined with pulmonary stenosis with left-to-right shunt through 
the ventricular septal defect (as in Case 2), the patient will be cyanotic even 
if the transposition is corrected on the atrial level. In these cases, it is neces- 
sary to make a left ventriculotomy to release the left ventricular outflow steno- 
sis. The ventricular septal defect should be closed at the same time to avoid 
the risk of pulmonary vascular overload. 

In the event of further cases of associated ventricular septal defect we 
intend not to close the ventricular septal defect during the first operation unless 
this can be done through the tricuspid orifice without disturbing the septal 
eusp of the tricuspid valve. If necessary, the ventricular septal defect can be 
closed during a subsequent operation. 

The successful outcome of the atrial correction of transposition in the third 
ease and the findings from re-examinations indicate that the method described 
here would provide a practical surgical approach to complete transposition of 
the great vessels. 

SUMMARY 

1. Two new methods for complete repair of transposition of the great 
vessels are presented. 

2. One method applied on the arterial side has been tried elinieally in 3 
cases without suecess. 

3. One atrial method for complete transposition without application of 
prosthesis or grafts was used in 4 patients. 

4. One with a successful correction was re-examined. Ideal circulatory 
conditions were observed. 

5. Closure of associated defects is discussed. 
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N THE past 4 years a great many publications have dealt with myxomas 

of the left atrium.*: 5, 6, 11-13, 17, 19, 21-25, 27, 29, 33-35, 37, 42, 44, 45, 48, 49 It is some- 
what surprising that so much attention has been focused on so rare a subject. 
Although myxomas comprise approximately 50 per cent of all cardiae tumors, 
the total incidence of neoplasms of the heart ranges between 0.0017*7 and 0.5 
per cent*®® of all neoplasms. Undoubtedly this interest has been due to 
improved diagnostic and operative methods, making it possible for the first 
time to diagnose intracardiac tumors during life and to remove them 
surgically. As a matter of fact, Harvey,?? in 1957, was prompted to the 
statement: ‘‘Myxoma of the left auricle is now a curable lesion.’’ 

Thus far, to the knowledge of the authors, 8 myxomas of the left atrium 
have been successfully removed. In almost all of the more than 150 reported 
cases of myxoma of the left atrium, the tumors simulated mitral stenosis, 
although in a few instances there appeared to be a combination of mitral stenosis 
and mitral insufficiency. It is the purpose of this paper to report a successfully 
excised myxoma which had particular significance because it closely mimicked 
pure mitral insufficiency. 


CASE REPORT 


N.J.H. No. 12948. The patient was a 22-year-old white man. His first hospital 
stay was from July 13, 1957, to Aug. 10, 1957. The patient had been asymptomatic 
until 1955, when he was told, during a Navy examination, that he had a heart murmur. 
In September, 1955, he developed fatigue, shortness of breath, and fever. He was 
hospitalized elsewhere and treated with massive doses of penicillin, streptomycin, and 
oxytetracycline hydrochloride for one month. Blood cultures at that time were negative. 
He was discharged with an elevated sedimentation rate and kept on prophylactic penicillin. 
In March, 1956, he was digitalized because of increased dyspnea and, at the same time, 
prednisone was started because of the increased sedimentation rate. At the time of his 
first admission, a diagnosis of mitral insufficiency was made. There was no sign of 
cardiac failure an’ the patient’s symptoms remained well controlled on gitalin, 0.5 mg. 
daily, and a low-salt diet. The erythrocyte sedimentation rate rose to 32 mm. in 60 
minutes; the C-reactive protein was 3 plus, and the mucoproteins were 7 units. A right 
heart catheterization was attempted, but the catheter could not be passed through the 
tricuspid valve. It was felt that the change in the protein fractions was due to prednisone 
withdrawal, suggesting a chronic type of active rheumatic fever. Consequently, the 
patient was discharged on prednisone, 10 mg. daily, and acetylsalicylic acid, 45 grains 
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daily, the therapy to continue for at least 3 months. One month prior to his second 
admission, he developed an illness characterized by general malaise, aching, low-grade fever, 
and precordial pain, Because of this, he was readmitted on March 14, 1958. 


Physical Examination—The blood pressure was 100/70 mm. Hg, pulse rate 85 per 
minute, regular. Dyspnea was present at rest, but there was no edema »r cyanosis. The 
liver was one fingerbreadth below the right costal margin and not tender. Neck and 
hand veins were not distended. The precordium was active with prominence of the 
left thoracic cage. Palpation revealed evidence of a left ventricular thrust. The point 
of maximal impulse was felt in the fifth intercostal space outside the midclavicular line. 
On auscultation, a Grade III, high-pitched blowing, holosystolic murmur was audible 
over the entire precordium, best heard at the apex and well transmitted to the left axilla. 
he second heart tone was finely split and accentuated. <A third heart tone was present 
and well heard at the apex. A systolic click or extracardiac sound was heard immediately 
after the first pulmonic sound. The pulse revealed a very prominent catacrotic notch. 





Fig. 1—Preoperative chest film showing marked enlargement of the left atrium and promi- 
nence of the left ventricle. 


Course in Hospital—Fluoroscopy revealed the over-all heart size to be moderately 
enlarged, with prominence of the left ventricle and marked enlargement of the left 
atrium (Fig. 1). The pulmonary artery was not remarkable. The vascularity of the 
lungs was normal. The electrocardiogram revealed left ventricular hypertrophy (Fig. 2) 
Urinalysis and hematogram were within normal limits. Blood chemistries: fasting blood 
sugar, 94 mg. per cent; blood urea nitrogen, 14.4 mg. per cent; sodium, 138 mKq.; 
potassium, 4.25 mEq.; total proteins, 8.2 Gm. per cent; albumin, 5.0 Gm. per cent; 
globulin, 3.2 Gm. per cent. 

Combined right and left heart catheterization was performed on March 21, 
The pulmonary artery pressure averaged 88/33, right ventricular pressure 79/0, and 
right atrial pressure 4/0. A Cournand needle was introduced into the brachial artery 


1958. 
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and the pressure recorded as 113/17. The oxygen saturation in the right pulmonary 
artery at rest was 59 per cent and in the brachial artery was 87 per cent. The cardiac 
output calculated on the basis of these data was 4.1 L. per minute. The left atrial 
pressure showed very clearly the a, c, and v waves, and the pressure values, respectively, 
were 12, 17, and 23.5 mm. Hg. The end diastolic pressure was 9 mm. Hg. The pressure 
in the left ventricle was 101.5/4 mm. Hg. 

The conclusion was that the high mean left atrial pressure showed an obstruction 
at the level of the mitral valve, and from the atrial pressure tracing there was clear 
evidence that this obstruction was due to mitral insufficiency. There was no sign of mitral 
stenosis. Also, the rather high pulmonary hypertension could be explained on this basis. 
The impression was that mitral insufficiency with secondary pulmonary hypertension 
was present. 

Operation.—The patient was presented to the Cardiac Surgical Conference, where 
it was decided that the mitral insufficiency should be repaired by the Lillehei modification of 
the Nichols plication. 
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Fig. 2.—Preoperative electrocardiograms revealing left ventricular hypertrophy. 
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On March 14, 1958, an exploratory operation was performed, through a_ right 
posterolateral chest incision with the patient under hypothermic anesthesia of 28° C. The 
lungs were found to be firm and fibrotic, and the heart generally enlarged with a giant left 
atrium. Temporary occlusion tapes were placed around the superior and inferior venae cavae, 
with a Satinsky clamp across the ascending aorta. Two stay sutures were placed into 
the left atrium. Both venae cavae were occluded, followed by occlusion of the aorta 30 
seconds later. The myocardium was protected during the occlusion period by coronary 
perfusion with arterialized blood, as described elsewhere.2° A large myxomatous mass 
was discovered filling most of the left atrium and extending through the mitral valve 
orifice into the left ventricle. It was extracted with some difficulty, due to the fact that 
it extended into the ventricle. The mass was attached to the posterolateral wall of the 
atrium, remote from the fossa ovalis. The base, which measured about 2 em. in diameter, 
was cut off with scissors. The mitral valve was then inspected. The annulus was greatly 
dilated, but the chordae tendineae appeared normal and there was no concomitant stenosis. 
However, the valve edges appeared somewhat thickened. Two mattress sutures were placed 
over Ivalon pledges across the posterior commissure with immediate disappearance of the 
regurgitant jet. The atrium was allowed to fill with blood and then was elosed with a 
continuous suture of 2-0 silk. The chest was then closed in a routine manner and the 
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patient was rewarmed. His postoperative course was completely uneventful. The patient 
was not confined to bed after the second day and has remained free of symptoms since 
(Fig. 3). 

Surgical specimen: The specimen consisted of two oval, dark red-tan shiny masses, 
measuring 10 by 7.5 by 5 em. and 4 by 4 by 3 em., weighing 158 grams (Fig. 4). The 
surface was irregularly contoured with a somewhat polypoid layer of soft, translucent 
pale yellow-gray, jelly-like myxoid tissue about one centimeter thick. This material 
blended with firmer, red-brown, diffusely hemorrhagic, rather homogeneous tissue that 
exhibited rare, vaguely defined, central fibrous strands. Patches of the surface material 
here and there invaginated the red core. 

Microscopically, the polypoid surface of the mass was covered with endothelial cells 
(Fig. 5). The outer zone consisted of a pale homogeneous matrix which contained 
seattered large endothelial cells that lay singly or in syncytial groups and occasionally 
formed capillaries. A few thin-walled dilated vascular channels were present. With the 
Gomori trichrome stain, the matrix was pale green. The van Gieson stain revealed a yellow 
background with scattered strands of compact delicate red fibrils, usually located somewhat 
below the free surface. A rich network of fine and coarse, branching or twisted reticulum 
fibers was demonstrated throughout the myxoid tissue. A thin layer of metachromatic 
material localized immediately beneath the surface was seen with the toluidin blue stain. 
Elastic fibers, iron, neutral fat, and periodic acid-Schiff positive material were absent, 
and the mucicarmine stain was negative. 

More deeply, the matrix contained pools of erythrocytes with only occasional threads 
or patches of fibrin. A few cavernous capillaries, mononuclear cells, and fibroblasts were 
present. In a minority of fields, disoriented, highly atypical, large arteries were set in 
hyalinized collagen (Fig. 6). These vessels had thick media with hypertrophic longitudinal 
or disoriented smooth muscle fibers, and fibrous intima obstructed the lumen. Rare elastic 
fibers were confined to the adventitia and media, and internal elastic membranes were not 
observed. In some places, the fibers of the media and adventitia were heavily impregnated 
with calcium, and the Prussian blue stain revealed abundant iron pigment (Fig. 7). Some 
thin-walled cavernous sinuses were bordered by strands of endothelial cells which tended 
to form capillaries. 

The gross and histologic features of this lesion were those which have been described 
repeatedly as characteristic of cardiac myxomas. The gelatinous material proved to be 
young connective tissue rich in reticulum fibers and devoid of elastin. Mucin was not 
demonstrated. The stroma was sparsely cellular but was invaded from the surface by 
endothelium. Centrally, mature collagen, several tangles of arteries with atypical structure, 
and iron and calcium inerustation were present. Lamination, characteristic thrombus- 
organization, and pigmentation with iron, which typify mural thrombi, were absent. 

Comment.—Whether such polypoid intracardiac masses are tumors or 
thrombi has been debated since their discovery. Ewing’® concluded that the 
majority of eardiae myxomas were probably genuine and referred to the 
theory of their origin from superfluous embryonal tissue near the foramen 
ovale. Prichard,** who provided the most comprehensive recent review of the 
literature, considered them all to be tumors. Most of the authors of subsequent 
ease reports have accepted the theory of neoplastic origin.* * * 1%) 7% 25, 26 2%, 
35, 36, 46 Myxomas have characteristic atrial locations, are attached by a stalk, 
do not eontract, and lack stratification. Transitional forms between myxomas 
and thrombi have not been deseribed. 

Saphir** advocated a more conservative interpretation. He strongly 
questioned the occurrence of true cardiac myxomas mainly on the basis of 
the difficulty in differentiating them from the end-stages of organized thrombi. 
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Fig. 3.—Postoperative chest film showing return of the heart size to normal. 
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Fig. 4.—Gross appearance of the endocardial mass. 
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Fig. 5. 


Fig. 6. 





Fig. 5.—Polypoid surface layer. (Hematoxylin and eosin, X 210; reduced 4.) 

Fig. 6.—Large blood vessels with irregularly distributed smooth muscle fibers. (Gomori 
trichrome stain, xX 90; reduced ¥.) 

Fig. 7.—Calcification of fibers. (Hematoxylin and eosin, x 90; reduced ¥.) 
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He was skeptical that definite proof of neoplasia would be fortheoming. Likoff 
and his associates?® appeared to favor this view. They stated that the tumor 
in their case resembled a well-organized thrombus; the patient also had 
symptoms and pathologic changes compatible with chronie rheumatic 
endocarditis. 

Evidence of neoplasia was unconvincing in our ease. The appearance of 
the stroma and the number and type of the blood vessels were indicative of a 
reactive process. The arteries were probably located in the oldest part of the 
lesion and formed a minor part of its bulk. In no way did their presence 
suggest a hamartoma or angioma. 

Whether neoplastic or thrombotie in origin, the pathogenesis of ‘‘myxomas’’ 
has not been fully clarified. They are not complications of valvular or 
myocardial disease. The possibility that they are initiated as thrombi, overlying 
a patch of inflamed endocardium, has been suggested by the febrile episodes 
which were noted in the course of the illness of this patient as well as other 
patients. However, there is no strong evidence to support such an origin. 

The theory that small atrial mural hamartomatous rests are the source 
of these growths remains the most reasonable explanation of their origin. 
Prichard** observed endothelial spaces in the atrial wall near the fossa ovalis; 
the presence of most of the heart’s connective tissue here and occasional 
endocardial deformities accounted for the location of the tumors. Shortly 
afterward, Raeburn** stated that myxomas ‘‘arise from elements of pre-existing 
intramural hamartomas’’ and that they should be termed ‘‘hamartoblastomas. ”’ 
For convenience they might better be described as angiomyxomas. As the 
myxoid features probably were due in part to degeneration of the connective 
tissue, the term myxoma was undesirable. Protheroe** recently accepted this 
concept of the hamartomatous origin. Anderson and Dmytryk' considered 
that the epithelium-like cells, forming gland-like spaces, which were present 
in their tumor possibly represented the inclusions of pericardial elements in 
the atrial wall during cardiac development. The myxomatous and angiomatous 
features were believed to be the result of changes in associated thrombotic 
material. 

A most interesting interpretation was advanced by Ringertz,*® who observed 
limited growth of cerebral and abdominal emboli from a cardiac myxoma. He 
believed that these masses were neither tumors nor thrombi but were prolifer- 
ations of endocardial mesenchymal cells, which derived nourishment from the 
blood plasma. He compared this situation to a tissue culture in vivo. When 
the emboli became surrounded by connective tissue and were deprived of their 
blood supply, they ceased to grow. 

We regard the lesion as a peculiar form of reaction and thrombosis which 
is probably based on a hamartomatous endocardial rest. With organization 
of the clot, enlargement could proceed through the imbibition of fluids from 
the circulating blood and from internal hemorrhage. In any event, the final 
result is a mass which has the clinical and gross appearance of a tumor that 
is susceptible to surgical excision. 
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DISCUSSION 

When Prichard** reviewed 127 primary myxomas of the heart reported 
in the literature, not one had been diagnosed during the patient’s life. However, 
Mahaim’s*! prediction, in 1945, that one day an accurate intra vitam diagnosis 
would be possible, soon became true. Twenty-one eases have been reported 
since 1951 in which the diagnosis was made ante mortem. With the advent of 
open heart surgery, many attempts at extirpation of a recognized myxoma 
have been made, as had been suggested already by Coulter’? in 1950. 

In 5 patients, the diagnosis was made during life, but no attempt at 
surgical removal was made or the patient died before any operation could be 
undertaken.®: 2% 26 35,46 Jn 11 patients, excision of the tumor was attempted 
and failed, the patient dying during or immediately following surgery.* * * 
19, 28, 41, 46, 48 Tn one,** the tumor was only partially removed due to a technical 
failure. 

It is very interesting, and perhaps significant, that in almost all cases 
mentioned in the two preceding groups the correct diagnosis was not made 
preoperatively but rather was made during an attempted mitral commissu- 
rotomy. 

The first suecessful operative removal of a myxoma from the left atrium 
was made by Craaford™ in 1954. Seven more have since been excised by 
Seannell,** Bigelow,* Bahnson,? Robertson,*? DeBakey,'*  Lillehei,*® and 
rerbode."? 

A correct diagnosis of a left atrial myxoma should be possible in life for, 
even though it may closely resemble mitral stenosis in its clinical picture, 
there are certain distinguishing features. The ‘‘elassical’’ clinical features, 
as best described by Protheroe,*? Paquet,*° and Harvey,®? can be summarized 
briefly as: 

1. Sudden onset of signs and symptoms. 

2. Symptoms intermittent in nature, often varying with body position. 

3. Palpitation, pain, giddiness, dyspnea, hemoptysis out of proportion to 

the degree of demonstrable heart disease. 

4. Frequent attacks of Stokes-Adams syneope, usually brought on by 

change in body position. 

5. Preference for certain body positions. 

6. Intermittent febrile episodes and petechiae. 

Relentlessly progressive right heart failure not responding to digitalis 

and diureties. 

8. X-ray and auscultatory findings of typical mitral stenosis, sometimes 
associated with mitral insufficiency. 

9. Changing cardiac murmurs with change in body position. 

10. Changing cardiac murmurs on repeated examinations over a period of 
time. 

11. Low blood pressure and pulse pressure, frequently associated with 
eyanosis of the extremities. 

12. Terminally, intractable pulmonary edema and peripheral circulatory 
collapse. 
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These clinical features can, of course, be logically explained on the basis 
of the pathologic changes present in this condition, namely: (1) obstruction 
of left atrial flow, (2) left atrial enlargement, (3) decreased left ventricular 
output, (4) increased pulmonary volume and pressure, and (5) right ventric- 
ular enlargement. 

On the basis of these pathophysiologic changes it becomes understandable 
why the picture of mitral stenosis is so closely mimicked. Auscultation, x-ray, 
fluoroscopy, and the electrocardiogram are of little or no help. An opening 
snap has been reported in 8 cases,?* 4° and even the phonocardiogram has 
been shown to be characteristic of mitral stenosis.?*°* 2° -Right heart 
catheterization cannot add anything of diagnostic value and appears only to 
confirm the clinical diagnosis of mitral stenosis. To the knowledge of the 
authors, Craaford’s case and the ease herein reported are the only 2 cases 
where combined right and left cardiac catheterization was carried out. However, 
this procedure, too, added no clue to the true nature of the condition. In the 
ease herein reported, the findings were characteristic of pure mitral insufficiency. 

It is of interest that many patients with myxoma of the left atrium do 
give a history of arthralgia, periods of fever and myalgia,”? thus simulating a 
rheumatic fever history. In this patient, there appeared to be a chronic type 
of active rheumatic fever, as evidenced by the changes in the sedimentation 
rate and the acute phase reactants. However, there was no clear-cut history 
of rheumatie fever during childhood or adolescence. 

Approximately 50 per cent of proved cases of rheumatic mitral stenosis 
do not give a history of rheumatie fever.** It follows that if a patient has a 
definite history and/or signs of rheumatic fever, these are of little aid one way 
or the other in the diagnosis of myxoma versus rheumatic heart disease. 

Sometimes fragments of a myxoma may break off and are carried to the 
periphery as small emboli, simulating the picture of subacute bacterial 
endocarditis. However, only one case of myxoma complicated by a Staphylo- 
coccus aureus infection has been reported.?° 

The only possible way to arrive at an accurate ante mortem diagnosis 
is by left cardioangiography. Indeed, this was the case in every instance 
where a myxoma was correctly diagnosed preoperatively rather than having 
been found incidentally to an attempted mitral commissurotomy. There is no 
doubt that in our patient a correct preoperative diagnosis could have been 
made had a eardioangiogram been made. Fortunately, the surgical approach 
was such that excision of the tumor presented no difficulty. The severity of 
the valvular incompetence made it mandatory to proceed with the originally 
planned procedure, although one may speculate whether the mitral insufficiency 
would have disappeared in time without the plication. 


SUMMARY 


A ease of successful excision of a ‘‘myxoma”’ of the left atrium is reported. 
The tumor appears to be the first one described which closely simulated pure 
mitral insufficiency. 
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The tumor was considered to be a peculiar form of reaction and thrombosis, 
probably based on a hamartomatous endocardial rest. 

The diagnostic features of myxoma of the left atrium are briefly discussed. 
The only means of making a correct preoperative diagnosis is by left 
cardioangiography. 

The combination of hypothermia and coronary perfusion appears promising 
and feasible in the correction of mitral insufficiency by the Lillehei modification 
of the Nichols operation. 


ADDENDUM 


Since submission of this paper for publication, we have seen a 52-year-old female pa- 
tient with signs and symptoms suggestive of a left atrial myxoma simulating mitral stenosis. 
The diagnosis was confirmed by cardioangiography and the tumor subsequently was removed 
with the patient under hypothermia (J. B. G.). The patient had an uneventful recovery. 
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and the Midwest Research Institute, Kansas City, Mo.) 


M** pump-oxygenator systems, employing various principles of blood 
oxygenation, are in current use. Although successful perfusion has been 
accomplished using oxygenators, the ideal artificial heart-lung system remains 
to be developed. Such an oxygenator would be small, simple, and completely 
safe from the standpoint of emboli and the effect on blood elements, would 
provide unlimited flow of adequately oxygenated blood, and would be able to 
be heat sterilized. It should be inexpensive to operate and maintain, require 
minimal donor blood, be easily cleaned, and maintain normothermia and acid- 
base equilibrium. The devices being used currently utilize one of three fun- 
damental methods by which blood has been artificially oxygenated: (a) by- 
passing blood through a closed semipermeable membrane cireuit which is 
surrounded by an oxygen mixture; (b) by filming blood in direct contact with 
an oxygen atmosphere; and (ec) by bubbling oxygen through blood. Informa- 
tion concerning these methods is readily available.?""! 

While searching for a more simple, efficient, and safe way of accomplish- 
ing gas exchange in blood, a method was proposed by one of us (M. R. K.). 
In the method proposed, a jet of oxygen impinges against a film of blood, 
foreing the blood into an ultrathin film, and accelerating the flow immediately 
beneath the jet. Consequently, a large amount of surface area per unit volume 
of blood was created. Spraying of blood into droplets has been shown by 
Bjork! to cause excessive hemolysis, and had to be prevented. 


THEORY OF BLOOD-OXYGEN INTERFACES 


The following theory has been developed from the application of basic 
physical chemistry theory to film thickness and velocity studies of the im- 
pingement oxygenator. It applies, however, to all blood oxygenators employ- 
ing a direct gas-blood interface. 

It was first necessary to determine whether the blood film was in turbulent 
or laminar flow, since the condition of flow is fundamental to mass transfer 
theory. Reynold’s number, R, is a dimensionless fluid dynamie value which 
relates the inertia and viscous forees in a moving fluid. A small r denotes 
that the viscous forces are predominant and that there is no mixing between 
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umber 

the fluid layers. Reynold’s number for the blood flow under the impinging 
jet, ealeulated from the principles of flow in an open duct at maximum flow 
rate, was about 120. Since a Reynold’s number less than 2,000 indicates lami- 
nar flow, the blood was undoubtedly nonturbulent. 


Laminar Flow Theory.— 


The velocity profile of a liquid in laminar flow across a plate is shown in 
Fig. 1. Liquid in contact with the plate is at zero velocity, and the velocity 
increases with distance from the plate. The liquid is at maximum velocity 
at the surface and the stream may be regarded as a series of thin sheets 
sliding over one another. This slipping of the liquid layers results in mechani- 
eal shearing forces, which, incidentally, may have a destructive effect upon 
the suspended formed elements of the blood. 


MAXIMUM 
VELOCITY 


i) 
BLOOD SURFACE VELOCITY 





Fig. 1.—Laminar flow over a plate. 


IMPINGING JET 


{iy 


Dy 


Fig. 2.—Unit blood film. 


Consider the blood film flowing under the oxygen jet in the impingement 
oxygenator (Fig. 2). The blood contained under the surface, 1 em. wide, 
is exposed to oxygen from the time, to, it emerges from the orifice and is 
foreed into a thin film, to the time, ts, at which the blood is beyond the effect 
of the oxygen jet. At time to, the film is at equilibrium at the venous oxygen 
concentration. During the first increment of time, dt, the transfer of oxygen 
into the film is extremely rapid, because the surface is at a lower concentra- 
tion than the gas. By time t,, the surface has become equilibrated with 
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the gas and the rate of oxygen uptake has decreased considerably. As time 
progresses, molecular diffusion of oxygen from the surface into the blood 
below the surface continues at a still slower rate. Since flow is laminar, the 
equilibrated blood remains at the surface, inhibiting further oxygen uptake. 
The blood takes oxygen only as fast as molecular diffusion can deliver oxygen 
to the desaturated blood below the surface. 

Consider the travel of the volume of blood, v, contained under a unit 
surface area 1 em. long and 1 em. wide. Knowing the rate of oxygen uptake, 
N, and the time, t, during which this uptake rate is effective, the amount of 


oxygen absorbed is O. = Nt. 
WwW 
x 
a 
Ps 
a 
2 
N 
Oo 
we 
° 
WwW 
- 
aq 
: 











EXPOSURE TIME 


Fig. 3.—Oxygen uptake as a function of time. 


However, as discussed above, the rate of oxygen uptake is constantly 
changing with time (Fig. 3). The amount of gas absorbed, therefore, must 
be stated for an infinitely small period of time. 

aO, = N,dt. 
This means the amount of gas absorbed during the infinitely small period of 
time (dt) is equal to the instantaneous rate of oxygen uptake, Nx, at the 
particular instant, tx, multiplied by the infinitely small period of time. The 
summation of these small increments of absorbed gas from time t, to te, during 
which the volume, v, traveled the entire length of film is the amount of gas 


absorbed, and is expressed as 


F 
O. = Jf Nadt 
O 
(1) 
The over-all effective N during the time t, — t; may be determined: 
Nave = . = (2) 
t, — tr 


Practical application of Equations (1) and (2): It was impractical to take 
blood samples at various points along the film in a device such as the impinge- 
ment oxygenator. It has been common practice, however, to analyze the 
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oxygen content of the venous blood put into the oxygenator and the arterial 
blood collected after a pass under the jet. From these values, the amount 
of oxygen absorbed by the entire blood stream may be calculated: 
: oe em.°O. 
Final O, content — Initial O, content = AO, content, —,,—° 
em.* blood 
By knowing the film thickness, T, of the blood stream, the blood volume 
and the oxygen absorbed in this volume may be determined: 








v = 1 em.:< 1 em.: T em. = T em.’ 
(3) 
O. = AO. content : v 
This is the same oxygen volume expressed in Equation (1) 
f 
O. = f Ndt = AO, content - v 
9) 
Equation (2) becomes: 
. AO. eontent + v AO. content - F 
Nave = = (4) 
to — tr L 
Where: 
F = blood flow rate in ¢.e./min./em. nozzle width. 
L = film length in centimeters. 


It will be noted that Equation (4) is independent of film thickness. For 
a particular volume flow rate, the volume, v, is directly proportional to film 
thickness, but time is inversely proportional to T, since it is inversely propor- 
tional to velocity. The numerical value of Naye, therefore, depends upon 
flow rate but not film thickness. 

If the film length is not known, the over-all rate of oxygen uptake, U, 
for a unit width of film may be calculated from the increase in O, content per 
unit volume of blood and the flow rate: 

AO. eontent em.® blood 
em.* blood * min./em. nozzle 





U 
3 
; se O. (5) 
min./em. nozzle 





U = AO, content x F , 


Equation (5) is the common ealeulation for oxygenator studies. 

It was stated in the basic physical chemistry theory that the rate of oxy- 
gen uptake per unit surface area is a function of both the mass transfer 
coefficient and the driving foree. The driving force at any point in the stream 
is equal to the difference in oxygen concentration in the gas and the concen- 
tration existing at the point under study. The partial pressure of oxygen 
in 35 per cent saturated blood is about 20 mm. Hg and at 97 per cent satura- 
tion the pressure is about 100 mm. Hg. The driving foree between pure 
oxygen gas at one atmosphere and the blood at 35 per cent saturation is 

760 mm. Hg — 20 mm. Hg = 740 mm. Hg ppO,.. 
The force between O, gas and 97 per cent saturated blood is 
760 mm. Hg — 100 mm. Hg = 660 mm. Hg ppO.. 

The average driving force in a volume of blood being raised between 
these limits of saturation is 700 mm. Hg ppO,.. If the driving force is con- 
sidered to be constant at 700 mm. Hg, the maximum error would be 6 per 
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cent. This does not represent a significant error, and, for the simplicity of 
ealeulations, the driving force has been considered constant. 

Film Thickness and Velocity.— 


To study the interrelationships of blood film thickness, blood velocity, 
oxygen uptake rate, and jet pressure, a profile photomicrograph was con- 
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Fig. 4.—Profile photomicrograph. 
Fig. 5.—Blood film measurement. 


Fig. 5. 


structed. The instrument consisted of a coherent light source, the optical 
axis of which was interrupted by the conical base of the oxygenator. The 
profile of the base was imaged on the film plane of a camera (Fig. 4). In one 
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frame the distance from the profile of the dry base to a reference edge was 
measured. This was compared to the distance from the same reference to 
the blood film profile in a subsequent frame (Fig. 5), the difference being the 
thickness of the blood film. The instrument allowed measurement of film 
thickness to an accuracy of about 5 up. 

Film velocity, V, equals F/T. The calculations showed that, in general, 
both film thickness and velocity varied directly with blood flow rate, indi- 
eating that as flow rate increased film thickness increased, but not in propor- 
tion to the increase in flow. It was shown also that film thickness was 
inversely proportional to jet nozzle pressure. For some unexplained reason 
film thickness and velocity were approximately equal with 0.002 and 0.006 
inch jet openings, thicker, slower films occurring with a 0.004 ineh nozzle 
opening. Fig. 6 shows the results at 0.002 and 0.004 inch jet openings. 
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Fig. 6.—Results of blood film experiments. 


Seven samples of citrated bovine blood were run through the oxygenator 
on Feb. 4, 1957. In addition to profile photomicrographs of the blood film, 
Van Slyke oxygen measurements were taken from the samples. The results 
are shown in Table I. With the exception of one value (which resulted from 
the highest nozzle pressure used), oxygen uptake rate varied directly with 


TABLE I. Data ARE FOR BLOOD FILM 1 CM. WIDE 
(0.004 IN. BLoop OpENING—0.004 IN. GAS JET OPENING) 














SAMPLE NO. 
(MONTH, NOZZLE FLOW RATE | MIN. FILM | AO, CONTENT FILM 

DATE, TEST PRESSURE (CM.3/ THICKNESS | (CM.30,/CM.3 U= Aa VELOCITY 
NO.) (OM. Hg) MIN./CM.) (“) BLOOD) CONTENT:F | (CM./MIN.) 
2.4.2 5 3.48 80 0.0414 0.144 435 
2.4.3 10 3.48 65 0.0498 0.178 535 
2.4.4 10 6.50 85 0.0390 0.253 765 
2.4.5 10 10.65 100 0.0242 0.258 1065 
2.4.6 10 15.70 95 0.0231 0.363 1655 
2.4.7 5 6.50 95 0.0325 0.211 685 


2.4.8 20 6.50 75 0.0603 0.392 867 
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film velocity (Fig. 7). This means that, assuming the film lengths to be es- 
sentially equal, the rate of gas transfer decreased as exposure time increased. 
As suggested by the above theory, it is, therefore, efficient to present as large 
a blood surface per unit time as possible to oxygen gas with a short exposure 
time. Oxygenation rate will increase, for example, if, in a given apparatus, 
the surface area per unit time is doubled by reducing exposure time by a half. 

This coneept is contrary to the ideas of Melrose’? and Bjérk,! who state 
that there is an optimum exposure time beyond which oxygen uptake rate 
decreases. The theory presented here states that oxygen uptake rate is con- 
stantly decreasing from the instant of exposure, and there is no finite minimum 
exposure time beyond which oxygenation decreases. 

It is inefficient to attempt to saturate the entire volume of blood contained 
in a film in a single exposure—when a film contacts oxygen, the surface 
plasma becomes rapidly saturated, but further oxygenation takes place only 
as fast as molecular diffusion can deliver oxygen molecules to blood below 
the surface. Consequently, it is desirable to move the saturated surface into 
the blood mass as fast as possible and bring unsaturated plasma to the surface. 
The saturated plasma which has been brought into the blood mass will then 
deliver oxygen to the red cells. 
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Fiz. 7.—Film velocity vs. oxygen uptake. 


In applying the theory of mass transfer to a thin laminar stream of blood, 
two assumptions have been made which must be noted. The suspension of 
red cells in plasma has been regarded as a homogenous solution with oxygen 
being absorbed in solution rather than in chemical combination. The amount 
of gas held in solution by a liquid is directly proportional to the partial pres- 
sure of the gas in the liquid. It will be noted from the oxyhemoglobin dis- 
sociation curve of blood, however, that as the pO, increases beyond 60 mm. 
Hg, the quantity of O. contained in the blood increases only slightly. The 
blood thus becomes saturated with the gas, a phenomenon which would not 
occur for a true solution of a gas in a liquid. Between 0 to 60 mm. Hg pO, 
the dissociation curve is sufficiently straight for the calculations in this report. 
This corresponds to saturation of 0 to 90 per cent. Saturation values above 
90 per cent have not been used in the O, uptake coefficient calculations. 
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The suspension of red cells in the plasma adds considerable complexity 
to the physical analysis of the system. If the diffusion of oxygen molecules 
through the red cell membrane and the chemical combination of oxygen with 
hemoglobin were controlling the process (that is, if the plasma were deliver- 
ing oxygen to the cells at a faster rate than the cells could absorb it), the 
‘rate of oxygen uptake would be constant until saturation was reached, and 
there would be no concentration gradient throughout the film depth. This, 
however, has not been found to be true experimentally, and it appears that 
the red cells absorb oxygen as fast as it is delivered to the cells by the sur- 
rounding plasma. Consequently, the foregoing analysis has been based on 
the apparently sound assumption that the rate of solution and diffusion of 
oxygen in the plasma controls the process. 

DESCRIPTION OF OXYGENATOR 

In the device shown in Fig. 8, gaseous oxygen emerged from the narrow 
nozzle orifice and impinged on the oxygenator base. The gas, changing direc- 
tion as it reflected off the base, imparted a certain amount of its kinetie energy 
to the blood flowing over the base. This energy was consumed as work used 
to overcome the viscosity and surface tension of the blood, thus foreing the 
liquid into a film and accelerating it. 


OXYGEN BLOOD 
ENTRANCE ENTRANCE 





a, 
















PERFUSION LINE 


Fig. 8.—Model E impingement oxygenator. 


Since pressure is everywhere equal in a fluid, the impinging jet created 
a ‘‘back’’ pressure as well as a ‘‘forward’’ pressure. Consequently, the blood 
had to be forced under the jet by positive pressure through a closed entrance 
system. It was practical, therefore, that the oxygenator consist of a single 
nozzle, since a pump or considerable gravity head would be required for each 
stage of a multiple-stage oxygenator. 

Earlier models of the device led to the eventual design of the knife-edge 
lip configuration shown in Fig. 8. In a previous design, the oxygen jet was 
released a short distance above the blood orifice. Due to the high gas velocity, 
a reduced pressure formed between the jet and the oxygenator base. This 
reduced pressure drew blood up toward the oxygen exit where it was picked 
up by the overpassing jet and formed into a fine spray. The knife-edge lip 
configuration avoided the reduced pressure area and eliminated the blood 


spraying problem. 
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The final oxygenator unit (Model E) as shown assembled in Fig. 9, and 


disassembled in Fig. 10, was of solid steel construction, weighing 39 pounds, 
and composed of three basic precision lathed parts, the top, middle, and base 
sections. The base measured 25.5 em. in its largest diameter, and the cireum- 
ference of the nozzle was 60.0 em. These parts were bolted together, utilizing 
brass shim stock rings between parts to adjust the oxygen and blood nozzle 
openings. When assembled, two completely separate chambers were created, 
one distributing oxygen and the other blood in a uniform manner to the re- 
spective nozzle openings. The single opening in the top of the middle section 
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Fig. 10. 


Fig. 9.—Oxygenator assembled. 
Fig. 10.—Oxygenator disassembled. 


received blood from the small Lucite reservoir, and oxygen was supplied 
through the multiple ports on the top section. A smaller port permitted 
measurement of oxygen nozzle pressure. The three main sections were gold- 
plated, since previous studies showed this metal to be most resistant to cor- 
rosion by blood. The oxygenator rested on a stainless steel frame which also 
supported a Lucite arterial reservoir. 

Due to the tremendous oxygen flow rates required, a large drum-type 
gas humidifier was constructed. From this humidifier, oxygen was distributed 
by a manifold to the oxygenator through rubber tubes. 





Volume 45 IMPINGEMENT OXYGENATOR 1001 


Number 6 
IN VITRO BLOOD TESTS 


Extensive dog and bovine blood tests were performed to determine 
It was found that, in general, oxygen uptake 
It was desirable to enter the 


The minimum width 


optimum operating conditions. 
increased with jet pressure and blood flow rate. 
blood close to the jet (where the gas velocity was high). 
of the blood orifice was limited, however, by permissible blood pressure drop 
across the orifice; 0.004 inch (0.102 mm.) was found to be satisfactory. 
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Fig. 11.—Flow rate vs. oxygen uptake. 
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Fig. 12.—Perfusion circuit. 


The consumption of gaseous oxygen was impractically high, the jet open- 
ing and pressure being somewhat limited by the length of operating time 
which could be obtained from two 6,900 L. oxygen bottles. 
oxygen nozzle opening was found to be 0.004 inch and the highest practical 
nozzle pressure was 10 em. Hg. Oxygen uptake rate versus blood flow rate 
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at these operating conditions is plotted in Fig. 11. The tendency toward 
direct variation of oxygen uptake with flow rate indicated the desirability 
of obtaining as high a blood flow through the nozzle as practical. 


To realize the elevated oxygen uptake rate at high flow rates, the oxy- 
genator was incorporated in a multiple pass recirculation system (Fig. 12). 
By dividing the recirculation flow through two latex tubes in a 6S Sigmamotor 
pump, recirculation rates as high as 4,045 ¢.c. per minute were obtained. It 
was anticipated that this would result in an oxygenation rate greater than 
60 ¢.c. O2 per minute. 


The data obtained from dog perfusions using this apparatus are tabulated 
in Table II. In these relatively short perfusions with the impingement oxy- 
genator, severe physiologic deficiencies have been noted, the most important 
being its limited capacity to oxygenate blood adequately. Carbon dioxide 
was not effectively eliminated from the blood by the oxygenator, with re- 
sulting respiratory acidosis. Excessive destruction of red cells by the oxygen 
jet occurred in even short perfusions with this device. These and other 
mechanical disadvantages of the impingement oxygenator would prohibit its 
use clinically. 
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EXPERIMENTAL CORONARY ARTERY SURGERY IN DOGS 
EMPLOYING A PUMP-OXYGENATOR 


Epwarp W. Miter, M.D.,* Wittem F. Kotrr, M.D.,** AND 
LAURENCE K. Groves, M.D.,*** CLEVELAND, OHIO 


(From the Research Department and the Department of Thoracic Surgery, Cleveland Clinic) 


N THIS country the number of persons who die annually of coronary ischemia 

exceeds half a million.* | Examination of some of these hearts reveals that 
well over 80 per cent have adequate cardiac muscle but that the organ failed 
as a pump, either because a narrowed coronary artery became acutely occluded 
or could not, under stress, carry a sufficient amount of blood.’” 1* 25 A econ- 
siderable number of hearts show no muscle degeneration whatever.® 

For many years this problem was considered entirely medical and treat- 
ment, except for the use of digitalis, was directed largely toward lightening 
the work load of the heart. 

There are now available a number of methods designed to increase the 
blood flow to an ischemic or potentially ischemic myocardium (Table I). Some 
of these are still in the experimental state; some have found a much-disputed 
degree of clinical acceptance.* * ?° None are applicable to the whole group of 
patients with coronary disease. 

Some of these direct techniques are already in use. Patients in acute coro- 
nary failure have been supported on pump-oxygenators’® and coronary angi- 
ography performed safely in those with advanced coronary disease.?? Opera- 
tive attacks have been made on the coronary arteries themselves.» ? 


TABLE I. SURGICAL METHODS DESIGNED TO INCREASE THE BLOOD SUPPLY OF CARDIAC MUSCLE 








1. Creation of adhesions between myocardium and pericardium by destroying 
pericardial space—mechanically (Beck I) or chemically4, 11 
2. Creation of adhesions between myocardium and adjacent tissues (peri- 
cardium, lung, muscle, spleen, intestine) 
3. Increasing venous blood pressure in coronary sinus3; 11 by: 
a. Narrowing or ligating sinus 
b. Anastomoses of artery to sinus 
e. Both 
4. Increased blood flow through pericardiophrenic system by ligation of in- 
ternal mammary artery? 
. Increased coronary flow resulting from pericoronary neuronectomy or 
dorsal sympathectomy 
6. Localized increase in myocardial blood supply by implantation of internal 
mammary artery?3 
. Coronary endarterectomy!, 2 
. Direct anastomoses between the coronary arteries and the systemic circula- 
tion?1 
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It is quite possible that in the near future the patient with coronary artery 
disease, either acute or potential, may be taken to a cardiae center, supported on 
a pump-oxygenator while his coronary and myoeardial condition is evaluated 
by electric, radiographic, and chemical methods, and that one or a combination 
of surgical procedures will be employed to correct or modify his myocardial 
circulation. 

The purpose of this report is to present our experience with coronary 
artery surgery performed in the dog. In addition, coronary angiography was 
studied and three different oxygenators were evaluated for later use in human 
beings. 

A total of 50 dogs was employed. All were subjected to perfusion and 
coronary artery surgery. Three machines were used. The first was a bubble 
oxygenator* of disposable type modeled after that deseribed by Lillehei and 
his group. The second was a filming oxygenatort developed by Melrose’ of 
England, and the third was a modification of the dise oxygenator originally 
described by Bjérk.° Dog blood for priming the oxygenator was obtained by 
exsanguinating mongrel dogs that had received succinyleholine chloride (Anee- 
tine) while on a respirator. If the blood was to be used the same day, no anti- 
biotic was added; however, if the blood was to be stored overnight in the re- 
frigerator, a small amount of Terramyein or penicillin and streptomycin solu- 
tion was added. 


METHOD 

With morphine as a preanesthetie agent we first employed Nembutal for 
basal anesthesia but, finding that many dogs were unduly sedated, we changed 
to Pentothal which was more satisfactory. The dog was placed on the table 
in a right posterolateral position protected from an underlying heating pad 
with paper insulation and was intubated with a tracheal cannula. Unless the 
respirations were considerably depressed the animal was not placed on a respi- 
rator until just before thoracotomy. 

After the peripheral vessels had been exposed surgically, a small cannula 
for the delivery of fluid or medicine was placed in the femoral vein on one side, 
and on the opposite side a plastic catheter was inserted until its tip lay in the 
inferior vena eava. <A similar cannula was introduced through the left jugular 
vein into the superior vena cava and the arterial cannula into the right carotid. 
Prior to the insertion of the cannulae, the animal was given 1 mg. heparin per 
kilogram of body weight. A second milligram per kilogram was given intra- 
venously just before perfusion. 

The left side of the chest was opened through the fourth intercostal space. 
The azygos vein was ligated and tapes for later occlusion were passed about the 
two eavae and about the ascending aorta proximal to the brachiocephalic trunk. 
The pericardium was opened. An area of either the left anterior descending 
or the left cireumflex coronary artery as free of side branches as possible was 


*Manufactured by Travenol Laboratories, Morton Grove, Illinois. 
7Built for us by Mr. L. Hercik of the Hill Acme Company, Cleveland, Ohio. 
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dissected free of epicardium and fat. While this was being done, other mem- 
bers of the team primed the sterilized oxygenator with blood warmed to body 
temperature. 

The oxygenator was started and once the flow was satisfactory the two 
caval tapes were tightened, the aorta occluded, and the heartbeat stopped by 
injection into the ascending aorta just below the occluding tape a solution of 
2 ¢.c. of 25 per cent potassium citrate in 18 e.c. of blood. The caval tapes were 
then released to prevent overdistention of the heart. 

Next, the coronary artery which had been designated for surgery was di- 
vided completely and a stent of plastic or copper wire introduced into the 
divided vessel. The vessel was then reanastomosed, end-to-end, with interrupted 
sutures of No. 6-0 silk on an atraumatie needle. Once the anastomosis was com- 
plete the stent was removed either through a small hole in the distal coronary 
branch which was repaired or it was slipped backward into the ascending aorta 
and removed through a small aortie incision which was then closed. In three 
instances the stent was introduced through the aorta itself but considerable time 
was wasted in locating the coronary ostium and this method was given up. 

When the aorta was released, the heart either started spontaneously or it 
fibrillated and was returned to normal sinus rhythm by electroshock or by a 
second potassium arrest. During chest closure 150 mg. protamine sulfate was 
given slowly intravenously in 200 ¢.e. of 5 per cent glucose in distilled water. 

The dogs were divided into groups aceording to the type of oxygenator 
employed. Tables II and III outline the procedures and results. In Groups 
1 and 2 a simple division and reanastomosis was performed as. described. In 
Groups 3 and 4 an anastomosis was made between a branch of the left sub- 
elavian (usually the internal mammary) and the circumflex or anterior de- 
scending coronary artery. After arrest the coronary artery to be employed was 
ligated proximally and divided. In Group 3, because of aortie bleeding from 
the needle puncture the cardiac arrest was accomplished by injecting the po- 
tassium citrate solution through a catheter (No. 7 F.) introduced via the 
brachial artery to a point just above the aortic valve. The catheter was with- 
drawn beyond the occluding aortic tape after the heart had stopped. The same 
eatheter in Groups 4 and 5 was introduced through a subelavian braneh and 
used as a stent for the anastomosis after being withdrawn from the aorta. 
Because of cerebral damage in the third group of dogs the carotid artery was 
no longer employed for perfusion and the arterial blood from the pump- 
oxygenator was introduced into the femoral vessels in Groups 4 and 5. 

The fifth group was composed of animals in which the subelavian artery 
or a branch thereof was anastomosed to the coronary artery through an inter- 
posed freeze-dried graft* prepared from mongrel dogs. In 5 animals in this 
group a bulldog clamp was placed across the base of the sinus of Valsalva, the 
sinus wall was divided, and the aorta was closed with a running silk suture. 
Thus the anterior descending, circumflex, and septal branches were perfused 


via the left subelavian artery. 


his } aaa grafts were prepared for us by Mr. Frederick Olmstead and we are grateful for 
his help. 
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In certain animals in the third, fourth, and fifth groups, angiograms of 
the coronary arteries were made at the time of initial arrest and repeated after 
the anastomoses had been performed. This technique and its results has been 
reported in a previous paper.'® 

RESULTS 

The operative deaths occurred in those dogs which were unable to support 
an adequate blood pressure once they were removed from the pump-oxygenator, 
or dogs in which bleeding was uncontrollable. The immediate survivors suc- 
cumbed within the first 24 hours after surgery. Late survivors lived from 31 
hours to at least 2 years. The majority of the operative deaths in the first two 
groups resulted from bleeding either from the anastomosis or the chest. Three 
of the 5 dogs (Groups 1 and 2) which survived operation succumbed to ven- 
tricular fibrillation secondary to infarcted ventricular muscle. Operative deaths 


TABLE II. RESULTS OF SURGERY 








| NORMAL 














| 























IMME- | | SINUS 
OPERA- DIATE | LATE | RHYTHM 
TIVE SUR- SUR-  |RE-ESTAB- 
GROUP | NO. OPERATION OXYGENATOR DEATHS | VIVORS | VIVORS | LISHED 
land2 15 Coronary cut and Melrose and Bax- 10 5 2 1] 
reanastomosed ter 
3and4 16 Direct anastomoses Baxter and Bjérk 7 9 4 14 
5 19 Anastomoses via Bjork 12 7 4 19 
graft 
TABLE III. CAvuSES OF DEATH 
== 7 
5 | ey 2 
2 > ms : 5 
5 ra co a | 2 z < = 
7, = o =I Z Z nod = 4 
= e2 s S2/82/ Slee] 882/85 < 
& = 4 Sseoigr a <2 Gao 3 < 
< =) a a&| a6 5 oe em e Fe is 
: P K a4/ea/] £ | 8h | EZ | 28 = 
° 4“ ° m< | mu OM Heda | mM = 
Division and re- 15 Melroseand 3 5 l 0 0 0 2 fibrilla- 
anastomoses Baxter tion 
2 infarct 
1 medias- 
tinal em- 
physema 
Left subclavian 16 Baxter and ] 2 1 4 0 3 1 torn vena 
to left coro- Bjork cava 
nary direct 1 lost 
1 empyema 
3 unknown 
cause 
Left subclavian 19 Bijérk 3 1 1 0 3 9 1 tampon- 
ade 


to left coro- 


nary via grafi 1 pneumo- 


nia after 
angiogra- 
phy 











ee CORONARY ARTERY SURGERY WITH PUMP-OXYGENATOR 1009 
in Groups 3 and 4 resulted from central nervous system damage due to inade- 
quate brain perfusion, from stenosis at the anastomosis and from bleeding. 
Immediate survivors died from central nervous system damage or bleeding. 
There were 4 late survivors: 2 died with patent anastomoses, one of unknown 
cause and one of empyema; one was lost and one is living with an electrocardio- 
gram suggesting myocardial infaret during the first postoperative week. 

In Group 5, 9 of the dogs died on the table because the ventricular beat 
was too weak to support life. Whether this was the result of myocardial damage 
from long perfusion or an inadequate anastomosis we could not determine. No 
animal perfused more than 140 minutes or with arrest for more than 100 min- 
utes survived the operation (Fig. 1). Bleeding from the anastomosis accounted 
for 3 operative deaths. Three dogs died during the first 24 hours: one of 
tamponade, 2 from shock with patent anastomoses. Of the 4 late survivors, 3 
developed thrombosis at the suture line and died. One succumbed to pneumonia 
on the seventh postoperative day following angiograms. The anastomosis was 
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DISCUSSION 


Since we were chiefly interested in the left coronary system a left thora- 
cotomy was employed routinely. Any postoperative collection of blood was 
evacuated and the chest tubes were not removed until the chest was dry. 

The anastomosis was made as simply as possible (Fig. 2). In the smaller 
vessels, an end-to-end anastomosis was made over a stent (plastic or copper 
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wire) with 6-0 interrupted silk sutures. For larger dogs in which the coronary 
branches were of better size, a continuous over-and-over suture or vertical mat- 
tress suture appeared satisfactory. In some of the animals, a sleeve-type anas- 
tomosis was made. This sleeve worked quite well in attaching a lyophilized 
eraft to the subclavian stump, but ordinarily the coronary vessel was itself too 
small to receive such a euff and a simple interrupted suture anastomosis was 
employed in attaching the graft to the coronary. 

In all but 6 of the 50 dogs subjected to potassium arrest a sinus rhythm 
was restored. In Groups 1 and 2 where a simple division and reanastomosis of 
the coronary artery were performed, release of the aortic tape usually resulted 
in spontaneous return of the heart to normal sinus rhythm. 





Fig. 2.—Types of anastomoses (left to right). 
Left subclavian to anterior decending. 

Left subclavian to circumflex. 

Left subclavian to left coronary. 

. Left subclavian to left coronary via graft. 

. Left subclavian to circumflex end to side. 


Os whe 


In Groups 3, 4, and 5, where the subelavian artery was anastomosed to the 
left coronary artery, a normal sinus rhythm was seldom achieved spontaneously 
on release of the occluding tapes.’ This was the result of at least two factors: 
first, the time of arrest was long; and, second, as one part of the left ventricle 
received blood from the grafted artery and the other from the remaining coro- 
nary, there was a difference in perfusion and thus in recovery rate of the 
corresponding muscle. On several occasions we have seen one ventricle fibrillate 
while the other maintained a sinus rhythm. Ventricular fibrillations were con- 
verted to normal sinus rhythm with electroshock. This conversion was simple 
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and required but one shock except in rare instances. In 2 dogs, instead of 
fibrillation, a state of tetany of the entire left ventricle resulted after the oc- 
cluding tapes were removed. 

Bleeding from the anastomosis itself resulted in the death of several dogs, 
although small leaks would disappear once the heparin had been canceled with 
protamine sulfate. Postoperative bleeding, except from the anastomosis, was 
only an occasional problem and was felt to be purely a technical error. We 
kept a log of blood loss but tended to estimate the postoperative blood volumes 
of the animals on the basis of performance and size of the heart, after sinus 
rhythm had been restored and the animal was ready to be removed from the 
machine. The average postoperative blood loss ran between 300 and 400 c.c. 
and was usually adequately replaced with one pint of citrated fresh dog blood. 

Within the limits of our experimental use, all three oxygenators were satis- 
factory when operated by an experienced team. 


SUMMARY 


Fifty dogs were subjected to surgery of the coronary arteries while being 
perfused with a pump-oxygenator and with cardiae arrest induced with po- 
tassium citrate. The coronary arteries were divided and resutured or were 
anastomosed to the left subclavian artery and its branches, either directly or 
through an interposed freeze-dried graft. In nearly all experiments a normal 
sinus rhythm could be restored, although ventricular fibrillation often oeeurred 
first. Not all hearts could be restored after prolonged periods of arrest, and 
in some the beat was too weak to support life. Such deaths may have been 
related to myocardial damage associated with the citrate arrest." 

The cardiac catheter introduced into the subclavian artery was first used to 
inject potassium citrate and to obtain simultaneous coronary angiograms; then 
as a stent in suturing the artery, and finally to inject contrast medium to check 
on the patency of the anastomosis. 

Late survivors were few. The problems of suture anastomosis of small 
vessels were not adequately solved in these experiments. 


We would like to express our appreciation to Dr. H. Brodie Stephens, San Francisco, 


for his criticisms and suggestions. 
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THE ANATOMY OF THE PELVIC AUTONOMIC NERVOUS SYSTEM 
IN CASES OF HIGH IMPERFORATE ANUS 


JOHN E. 8. Scorr, M.A. (Cantas),* F.R.C.S. (ENa.), LonpoN, ENGLAND 
(From the Hospital for Sick Children) 


MONG the many anatomic structures that subserve recta! continence, two of 

the most important are the pelvic autonomic nerves and the anal sphincter 

muscles. The purpose of this paper is to describe the pattern of pelvic auto- 

nomie nerve distribution that was found by dissecting the hemipelvis of 3 

infants suffering from the high variety of imperforate anus, to compare this 

with the findings in 7 normal pelves and to discuss the surgical implications 
of these facts. 

High imperforate anus refers to those cases in which the bowel ends 
blindly or in a fistulous communication with the bladder, prostatic urethra 
or upper end of vagina at the level of the pelvic floor, or pubocoeeygeal line 
of Stephens.” ° It corresponds with the type III of Ladd and Gross.’ 

Various operations are designed to produce in the perineum an opening for 
the bowel as a substitute for the anus and it is hoped that patients may gain 
some measure of control over this opening so that it is not merely a perineal 
colostomy. This catastrophe may be preventable in some eases by greater at- 
tention to anatomic detail, and, similarly, the normal function of other pelvic 
organs, in particular the bladder, will not be endangered. 

In order to emphasize the significance of the anatomy of the high im- 
perforate anus, a brief account of the anatomy and physiology of normal 
rectal control is necessary. 


THE NORMAL CONTROL OF DEFECATION 


The proper function of the anal sphincters depends upon their integrity 
and on a nerve reflex are originating in the anal and rectal mucosa, passing 
through the sacral region of the spinal cord and ending in the smooth and 
striated muscles of the internal and external anal sphincters. Cerebral corti- 
cal influence considerably modifies the reflexes and, under normal conditions, 
the call to defecation can be suppressed whenever necessary. Additional 
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voluntary muscles, such as the levator ani, may be used to support the action 
of the sphincters when an emergency arises, These complex processes may be 
analyzed basically by considering their component parts. 

Rectal and Anal Sensation.—Clinieal and experimental evidence suggests 
that removing major portions of the reetum or anesthetizing its mucosa 
eliminates rectal sensation and interferes with feeal continence. Rectal sensa- 
tion, however, is undoubtedly a compound of at least three factors: first, actual 
rectal distention; second, pressure of the fecal mass or the investigator’s balloon 
on the pelvie floor; and, third, sensation from the upper end of the anal canal. 
Fecal ineontinence following major rectal excisions for carcinoma may be due 
more to the wide excision necessary in this condition with consequent damage 
to the pelvic plexus and particularly the nerve supply to the levator ani than 
to actual loss of the rectum. Rectal excision for Hirschsprung’s disease is com- 
patible with fecal continence, probably because the dissection is maintained close 
to the rectal wall, leaving the pelvie floor and other structures in the neighbor- 
hood undamaged and also because about 1.5 em. of rectum is left in situ. 

The Nerve Pathway.—Fibers from the rectum anus, and pelvie floor travel 
through the pelvie plexus and the inferior hemorrhoidal nerves and then via the 
pelvie parasympathetic and third and fourth sacral spinal nerves to the sacral 
cord. Here, they synapse with other components of the reflex are and with fibers 
from the brain which effect voluntary control. Efferent impulses return by 
the same route to the smooth muscle of the reetum and internal anal sphincter 
and the striated muscle of the external anal sphincter and levator ani. 


The Sphincter Muscles—There are two anal sphineters the internal being 
a condensation of the circular muscle of the rectum with the external of striated 
muscle situated around it. Their action is reinforced by that part of the levator 
ani which forms a sling under the rectum at the anorectal junction. This is 
the puborectalis musele which is attached to the undersurface of the pubis and 
whose fibers intermingle with those of the deep part of the external anal 
sphineter. By contracting, it pulls the anorectal junction forward increasing 
the angulation and closing the rectum. Little mention is made of this muscle 
by those who have investigated the physiology of rectal control. It is difficult to 
study beeause of its position, but it is very evident that it plays an important 
role. It cannot maintain a state of strong contraction for long periods as, like 
all striated muscle, it is subject to the phenomenon of fatigue; but it ean 
augment the action of the external anal sphincter when the need arises. If for 
any reason the external sphincter is absent or ineffective, the puborectalis can 
maintain continence provided that the feces are not fluid. 

The muscles which produce rectal continence are, therefore, the internal 
and external anal sphineters and the puborectalis. 


THE CONTROL OF DEFECATION IN PATIENTS TREATED FOR A HIGH IMPERFORATE ANUS 


Having briefly noted the mechanism of normal rectal control, it is neces- 
sary to apply this mechanism to the patient treated for a high imperforate 


anus. 
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Anal and Rectal Sensation—In the majority of cases the anal canal is 
absent and there can never be anal sensation. Rare instances occur in which 
the proctodeum is present and, if it is not damaged at operation, sensation from 
it may be appreciated and considerably influence the development of rectal 
control. 

The lowest portion of the terminal bowel is usually extraperitoneal, and 
at operation this peritoneum must be divided to expose the bowel or the fistula 
if present. According to Wood Jones, that part of the reetum which repre- 
sents the hind-gut extends from Houston’s first valve, which is intraperitoneal 
to the third valve which is at the level of the peritoneal reflection. Beyond 
this, the rectum represents postallantoie gut. Goligher and Hughes? demon- 
strated that rectal sensation can be appreciated when a balloon is inflated in 
the colon 15 em. from the anus. Therefore, in the high imperforate anus a 
short length of the terminal bowel should represent the upper segment of the 
definitive rectum and should be capable of producing some rectal sensation. 
As this is an important feature of the defecation reflex, the whole terminal 
bowel should be preserved during the surgical correction of this anomaly. 

The Afferent and Efferent Pathways.—These will be discussed in the section 
on anatomy. 

The Sphincter Muscles——The external anal sphincter develops independently 
of the rectum and some fibers may be present in the high imperforate anus. In 
the absence of a proctodeum, however, it is poorly developed and forms only a 
thin sheet similar to the platysma, lying in the subeutaneous tissue over the 
perineum. Its action is likely to be insignificant because it is weak and because 
it becomes involved by the sear tissue which inevitably forms to some extent in 
the perianal region as a result of surgery. 

The internal anal sphineter is developed from the cireular muscle fibers 
of the lower end of the rectum and will therefore be absent. 

The levator ani is the only muscle which can act as a sphineter in the high 
imperforate anus, and Stephens’ has drawn attention to the variations in its 
anatomy in different rectal anomalies. Sacral agenesis is frequently associated 
with imperforate anus,* '° and, if present, other pelvie structures including the 
levator ani are malformed. With three or less sacral vertebrae this deficiency is 
severe. 

Thus, whatever hope there may be for the development of some degree of 
rectal continence in the patient who has had a high imperforate anus will de- 
pend upon a short length of bowel with an intact nerve supply, and upon the 
levator ani. The former will provide the sensation of rectal filling and the 


latter, the sphineter mechanism. 


THE ANATOMY OF THE PELVIC AUTONOMIC NERVES IN THE NORMAL INFANT 


Material and Method.—The specimens were from 5 male newborn infants. 
Death was due to various causes, such as prematurity, esophageal atresia, 
duodenal atresia, and multiple congenital cardiac anomalies. The pelvie organs 
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in all cases were entirely normal with the exception of a week-old baby with one 
kidney hypoplastic and the other grossly hydronephrotic. The seminal vesicles 
in this case were remarkably dilated. 

The half pelvis including the whole rectum and bladder was removed at 
autopsy, fixed in 10 per cent formol-saline, and dissected in stages. At the 
completion of the dissection, the specimen was photographed and blocks were 
eut from the anorectal region, the bladder, prostate, pelvic plexus, and auto- 
nomic nerve bundles, and histologic sections made. These sections were stained 
with hematoxylin and van Gieson’s stain and examined to confirm the presence 
of nerve fibers. 





OBTURATOR 
NERVE 


ANAL RELIG HYPOGASTRIC 
CANAL ee PLEXUS NERVE 


Fig. 1.—Normal right hemipelvis viewed from medial side. The rectum has been retracted 
to reveal the pelvic plexus. 


Findings (Figs. 1-4).—In general, the anatomy of the autonomic nerves was 
similar to that in Mitchell’s® description except that no contribution to the pelvie 
plexus from the second sacral nerve was found in any of the specimens. This 
feature was also described by Caria Mendes.1. The hypogastric nerve (Fig. 5), 
carrying sympathetic fibers, originates in the prelumbar plexus below the com- 
mon iliae artery and travels toward the side wall of the pelvis accompanying the 
internal iliae artery. It lies immediately beneath the peritoneum and is vulner- 
able, particularly on the left side during dissection of the superior hemorrhoidal 
vessels at the brim of the pelvis. As it travels downward and forward, it 
sends branches to the sigmoid colon and rectum which turn medially and up- 
ward crossing the mesenteric vessels. Just before it enters the pelvic plexus at 
the ureterovesical junction, it gives off another branch which turns laterally to 
accompany the vas. The lower end of the ureter receives branches from the 
hypogastric nerve and from the pelvic plexus. 
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Fig. 2.—Normal right hemipelvis viewed from above. Shows parasympathetic nerves joining 


pelvic plexus. 
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Fig. 3.—Normal right hemipelvis viewed from above. Branches of hypogastric nerve to sig- 
moid and rectum. 
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The pelvic plexus (Fig. 6) consists of a meshwork of nerve fibers and 
ganglion cells covering the side wall of the pelvis and extending from the infero- 
lateral surface of the bladder and prostate anteriorly to the posterolateral sur- 
face of the rectum posteriorly. It is separated from the dense fascia which 
covers the obturator internus, pyriformis, and levator ani muscles by lymphatics, 
fat, and blood vessels. Medially, it is covered by peritoneum and pelvic fascia. 
There are many ganglion cells in the areas where nerve fibers from the plexus 
enter the bladder and prostate, particularly in the cleft between the two organs 
posteriorly and around the termination of the vas and vesicles (Fig. 7). 

The rectum is innervated with sympathetic fibers from the hypogastric 
nerves and parasympathetic fibers from the pelvie plexus. The two sets of fibers 
become intermingled and enter the posterolateral surface of the rectum as far 
inferiorly as the anorectal junction. (Fig. 8.) Removing the rectum with a sur- 
rounding layer of pelvie cellular tissue would inevitably damage the posterior 
part of the plexus. 
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Fig. 4.—Right hemipelvis with normal rectum but grossly dilated seminal vesicles. 


The sacral sympathetic chain passes downward and forward lying on the 
anterolateral surface of the sacral vertebral bodies. Fibers from the third and 
fourth ganglia enter the pelvic plexus with the parasympathetic nerves. 

The parasympathetic nerves (Fig. 9) emerge as two leashes from the third 
and fourth anterior sacral foramina in company with the spinal nerves and 
immediately turn medially to enter the lateral aspect of the pelvie plexus which 
is covered on its inner side at this point by the rectum. The bigger leash arises 
from the third saeral nerve. No separate contribution from the second sacral 
nerve was seen in any of the specimens despite careful dissection. Disturbances 
of micturition which oceasionally follow an excessively wide rectal excision in 
the depths of the pelvis may be caused by damaging these nerves. 
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ANATOMY OF THE PELVIC AUTONOMIC NERVES IN THE HIGH IMPERFORATE ANUS 
The specimens dissected were all male and will be deseribed individually. 


CasE 1.—This infant was found at birth to have a high imperforate anus and a 


transverse colostomy was performed. It died of multiple cardiac anomalies when one week 





old. 

Fig. 5. 

Fig. 6. 
» ant 5.—Histologic section through hypogastric nerve. Shows a loose collection of nerve 
undles. 


Fig. 6.—Histologic section through pelvic plexus. Shows meshwork of nerve fibers and 
ganglion cells. 

At autopsy the deformity proved to be one of the common variety of high im- 
perforate anus with a rectourethral fistula (Fig. 10). The terminal bowel which, despite 
a transverse colostomy, was still grossly distended at the time of death, narrowed 
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abruptly as it approached the base of the bladder forming a fistulous tract which passed 
forward and upward through the prostate to enter the urethra. There were five sacral 
vertebrae. 





Fig. 8. 


Fig. 7.—Histologic section showing nerve fibers and ganglion cells in neighborhood of 
seminal vesicle. 

Fig. 8.—Histologic section through wall of normal rectum. Shows nerve fibers in the 
areolar coat. 


The hypogastric nerves followed the same course as in the normal pelvis, sending 
branches medially to the bowel and entering the pelvic plexus at the ureterovesical junc- 
tion. The lower end of the ureter received fibers from the hypogastric nerve and the 


pelvic plexus. 
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The pelvic plexus extended from the ureterovesical junction to the lower border of 
the prostate and sent many fibers into the lateral and posterior aspects of the bladder 
and prostate along this line of attachment. Some fibers, intermingled with those from 
the hypogastric nerve, turned upward from it to supply the lower end of the bowel. In 





Fig. 9.—Histologic section through pelvic parasympathetic nerves. 
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Fig. 10.—Medial view of hemipelvis of Case 1. Imperforate anus with rectourethral fistula. 


the absence of the rectum the posterior extent of the plexus was considerably smaller 
than normal and merged with the soft tissues on the posterior surface of the fistula tract 
and prostate. Laterally, the pelvie plexus received two leashes of parasympathetic fibers 
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from the third and fourth sacral spinal nerves and a contribution from the sacral sym- 
pathetic chain. Medially, it was closely related to the extraperitoneal part of the terminal 
bowel. 

As in the normal pelvis, the parasympathetic nerves appeared as two leashes, one 
large and one small, from the third and fourth anterior sacral foramina (Fig. 11) and 
entered the lateral side of the pelvic plexus a short distance below the point at which the 
PELVIC PLEXUS LEVATOR ANI 
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Fig. 11.—Hemipelvis of Case 1 viewed from above. Shows parasympathetic nerves entering 
pelvic plexus. 





Fig. 12.—Histologic section through bowel wall in neighborhood of fistula in Case 1, showing 
nerve fibers in the areolar tissue. 
bowel narrowed to form the fistula. The nerves of the two sides were closer together 


anteriorly than normal as there was no rectum between them. 
The sympathetic chain followed the normal course sending fibers from its lower 


ganglia to accompany the parasympathetic nerves to the pelvic plexus. 
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The terminal 1 cm. of bowel was extraperitoneal and possessed a rich nerve supply 
derived from the hypogastric nerves and pelvie plexus. The fistula tract was buried in 
soft tissue at the base of the bladder and the prostate, and on histologic section many 
nerve fibers and ganglion cells were seen surrounding it and the posterior and lateral 
surfaces of the prostate (Fig. 12). 

The levator ani curved beneath the lower end of the prostate distal to the fistula 
and being attached posteriorly to the tip of the fifth sacral vertebra formed a complete 
diaphragm for the posterior part of the pelvis. The puborectalis was represented by the 
anterior sling of muscle fibers beneath the prostate and urethra. 

The anatomy of the pelvic autonomic nerves in this case therefore differed from the 
normal only as much as might be expected from the absence of the rectum. The terminal 
bowel and fistula tract were found to be richly supplied with both sympathetic and para- 
sympathetic fibers. 


CasE 2.—The infant was born with a high imperforate anus and died at the age of one 
day following a transverse colostomy. Autopsy revealed that the bowel ended blindly in the 
pelvis and, though it was attached to the base of the bladder, no fistula communicating with 
the bladder or urethra was found (Fig. 13). The sacrum had five vertebrae. The pelvic 
peritoneum was damaged at the time the pelvis was removed from the body, and it was 
not possible to define the whole course of the hypogastric nerve. The distal end, however, 
was still visible as it entered the pelvic plexus at the ureterovesical junction. 
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Fig. 13.—Medial view of hemipelvis of Case 2. Imperforate anus without fistula. 


The pelvic plexus extended from the ureterovesical junction to the prostate but was 
more closely applied than in the normal. Many nerve fibers could be seen turning upward 
from it to the terminal bowel while others ran directly into the bladder and prostate. 
Because of the absence of the rectum, the extent of the plexus was limited posteriorly. 
Laterally, it received the parasympathetic nerves and some fibers from the sacral sympathetic 
chain and, medially, it was related to the terminal bowel for a short distance. 

The parasympathetic nerves appeared in company with the sacral spinal nerves and 
entered the undersurface of the pelvic plexus below the blind end of the bowel (Fig. 14). 
As in the previous case, the nerves of the two sides were closer together than normal. 

The sympathetic chain did not differ from the normal and provided some fibers which 
entered the pelvic plexus. 

Histologic examination revealed many nerve fibers running through the areolar tissue 
covering the wall of the terminal bowel. Other fibers and ganglion cells were seen in the 
connective tissue and muscle between the bladder and bowel and were particularly 
numerous around the ureteric orifices, seminal vesicles, and prostate. 
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The levator ani covered the space between the urethra and the sacrum as in Case 1 

although the central portion was not as well developed. The puborectalis was represented by 

that part which looped beneath the urethra as a sling. This case also proved that the 
terminal bowel was richly supplied with nerve fibers. 
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Fig. 14.—Hemipelvis of Case 2 viewed from above showing parasympathetic nerves entering 
pelvic plexus. 
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Fig. 15.—Medial view of hemipelvis of Case 3. Imperforate anus with rectovesical fistula, 
three sacral vertebrae, and distended bladder. 


Case 3.—This infant had a high imperforate anus with a rectovesical fistula. At opera- 
tion on the first day of life, a transverse colostomy with ligation and division of the 
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fistula was performed but the infant succumbed shortly afterward. At autopsy, apart 
from the divided fistula, the pelvic organs were intact. The bladder was grossly distended 
with a hypertrophic wall and there were only three sacral vertebrae. There was a horse- 
shoe kidney lying across the lower lumbar region (Fig. 15). 

The terminal bowel was removed and examined separately after its mesentery was di- 
vided (Fig. 16). Histologic examination of the mesentery (Fig. 17) revealed nerve fibers 
passing through it, and these were also seen in the subserosal layer of the bowel wall, being 


particularly numerous in the region of the fistula. 





LIGATED RECTO VESICAL FISTULA TERMINAL MESENTERY 


Fig. 16.—Terminal bowel from Case 3. 





Fig. 17.—Histologic section through mesentery of terminal bowel in Case 3. Shows nerve 
fibers in the neighborhood of a blood vessel. 


The hypogastric nerve crossed the body of the horseshoe kidney, traveling laterally 
to the side wall of the pelvis while giving branches medially to the bowel. It entered the 
pelvic plexus at the ureterovesical junction. 

The pelvie plexus was considerably distorted by the grossly distended bladder and 
was applied so closely to its lateral surface that no plane of separation could be found be- 


tween the two. It extended from the ureterovesical junction to the prostate and received one 
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leash of parasympathetic fibers at its lower end. There was no mechanical obstruction 
such as urethral valves which accounted for the megacystis, so presumably it was due to 
a functional abnormality associated with the sacral agenesis. 

Only one leash of parasympathetic fibers arising distal to the third sacral vertebra was 
found, and this joined the pelvic plexus on the inferolateral surface of the bladder. The 
deficiency in parasympathetic nerves was accounted for by the sacral agenesis (Fig. 18) 
which also caused the nerves of the two sides to lie very close together at their origin, 
there being no fourth vertebral body to separate them. 

The sympathetic chain passed down on the front of the sacral vertebral bodies and 
could not be traced any further than the third. 

Histologic examination of the prostate and the wall of the bladder revealed many 
nerve fibers and ganglion cells particularly in the area surrounding the rectovesical fistula. 
The nerve elements were situated in the adventitial coat of the bladder and some fibers could 
be seen penetrating the muscle layers. 

The muscles of the pelvic floor were poorly formed and, although some elements of 
the levator ani were present, it is doubtful whether they could have functioned as an efficient 


rectal sphincter. 
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Fig. 18.—Hemipelvis of Case 3, viewed from above, showing single pelvic parasympathetic 
nerve and pelvic plexus applied to the bladder wall. 
DISCUSSION 

Nerve elements with a general distribution similar to the normal were found 
in the three eases of high imperforate anus and the abnormalities that were 
present could be accounted for by the rectal anomaly. In addition, the third 
ease revealed some of the anatomic and functional effects of severe sacral 
agenesis. 

In all eases the terminal bowel was supplied, via the pelvie plexus, by the 
pelvie parasympathetic and hypogastric nerves. The main nerve supply for the 
bladder, seminal vesicles, and prostate entered along their posterolateral surfaces 
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as in the normal. The presence of nerve fibers and ganglion cells in an organ 
does not necessarily indicate that the organ will function normally as was 
exemplified by the third case in which the bladder was grossly distended but 
possessed a plentiful supply of ganglia. This consideration may also affect the 
funetion of the terminal bowel. However, if this bowel is to possess some of 
the motor and sensory functions associated with the normal rectum, every effort 
should be made to preserve its nerve supply. 


SURGICAL IMPLICATIONS 


Having noted some of the anatomic features of the high imperforate anus, 
it is necessary to apply them to the operative treatment of the condition. 

If the most distal end of the terminal bowel is derived from the hind-gut 
and is capable of producing rectal sensation, then no part of it should be re- 
moved. Mobilization of the terminal bowel should be kept to an absolute mini- 
mum and be earried out with great care so as to preserve its nerve supply as far 
as possible. Just sufficient mesentery and peritoneal attachments should be 
divided to allow the bowel to be brought down to the perineum without mobiliz- 
ing more than necessary. Some nerves must inevitably be damaged, but it is 
possible that limited regeneration may oeccur.* ° 

The tunnel through the pelvis for the bowel should be formed with caution. 
It should commence as far posteriorly as possible to avoid the nerve supply to 
the base of the bladder and seminal vesicles, and should be ereated by blunt 
dissection exactly in the midline to avoid damaging the pelvie parasympathetic 
nerves which are close on either side. It should if possible pass in front of the 
puborectalis sling so that this muscle may act as a sphineter. Stephens* has 
suggested a posterior approach to facilitate this maneuver; but, if special care 
is taken during the combined abdominoperineal approach, the muscle may be 
identified and separated from the urethra and the lower border of the prostate. 

Other factors must be considered if a severe degree of sacral agenesis is 
discovered during the preoperative clinical and radiologic examination. Bladder 
funetion will probably be abnormal and the pelvie floor poorly formed. The 
pelvic parasympathetic nerves will be particularly vulnerable when the tunnel 
for the bowel through the pelvis is being made and damage to these structures 
will further jeopardize bladder function. The prognosis for both urinary and 
feeal continence in such a case would be extremely poor. 

Advaneing the terminal bowel to the perineum with minimal mobilization 
is easier shortly after birth when the bowel is in its most distended and elongated 
state. If, after an initial colostomy, the definitive operation is performed when 
the child is older, the terminal bowel is collapsed and its mesentery is short, 
inereasing the difficulty of obtaining sufficient length to bring down to the 
perineum. Mobilizing the bowel dividing fistulas, and identifying the pelvic 
floor are best carried out by a combined abdominoperineal approach, and this 
operation should be performed as an immediate procedure provided that the 
infant’s general condition is satisfactory. 
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MANAGEMENT 


The surgical treatment of the imperforate anus is difficult and fraught with 
many disappointments. Only those surgeons who have special training and 
experience in operating on these small patients and who are prepared to super- 
vise the long period of bowel training which is usually required should under- 
take their management. Parents must be encouraged to persevere with the un- 
pleasant tasks that are often required of them, and the surgeon must place 
himself at their disposal at all times to give advice and hone. Only the special 
pediatric surgical centers can provide the expert and efficient nursing care 
which is so valuable in these cases, and with modern communications babies can 
be transported rapidly and safely. There is no greater tragedy than the child 
condemned to a lifetime of misery and embarrassment by errors in the initial 
surgical treatment and lack of interest in the after care. 


SUMMARY 


The anatomy of the autonomic nerves in the normal pelvis is described and 
compared with three cases of high imperforate anus. The terminal bowel in 
each case is found to have a rich autonomic nerve supply. 

When compared with the normal, the development of rectal control in 
patients treated for a high type of imperforate anus may depend on the terminal 
bowel, its nerve supply, and the levator ani muscle. Greater care and attention 
to anatomic detail will preserve these structures and also the normal function 
of other pelvic organs. 
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Editorials 








ConbDuUcTED By I. S. Ravpin, M.D. 








Diverticulosis and Diverticulitis 


Colonic diverticulosis and diverticulitis are fraught with far greater 
potential hazards than many realize. Their complications have been well recog- 
nized for many years. Yet the tradition of avoiding operation until it is forced 
upon us has fostered an attitude which seems to prevent rational thinking about 
diverticular disorders and their pathologie potential, to a point where we are 
like the ostrich with his head in the sand—perhaps surrounded by dangers, but 
feeling quite secure in the failure to perceive them. 

The frequency of complications and the tendency of the inflammatory 
process itself to recur at frequent intervals are well known. Yet until recently 
even surgeons have avoided operation until this was forced upon them. Sur- 
geons who readily resect other diseased organs are still prone to regard colonic 
diverticulitis as basically a “medical disease,” with operation reserved for com- 
plications if or when they occur. For some unaccountable reason, diverticulitis 
seems to bear a “hands off” sign for a surprisingly large number of our col- 
leagues, 

There are some indications that the medical profession is becoming more 
aware of the need for elective operative interference in many eases of diver- 
ticular disease of the colon. Several excellent papers have emphasized 
this point. Standard textbooks of surgery still reflect the “conservative” atti- 
tude that “medical” treatment is indicated for colonic diverticulitis, but most 
of the recent editions do refer to a trend toward more frequent operative inter- 
ference aimed at prevention of complications. It is also gratifying to note 
emphasis upon the value of a diverting colostomy as an emergency measure in 
the presence of acute diverticulitis (for rest is fully as important in the treat- 
ment of inflammation in this area as in any other). One recent British text 
reflects a real awareness of the lethal potential of this disease by these words: 
“Literally, a diverticulum means a wayside house of ill-fame, and these wayside 
houses certainly live up to their evil reputation.” 

Hemorrhage, one of the most serious of all the complications of diverticular 
disease of the colon, has been so little recognized that a considerable segment 
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of the profession even denies its occurrence. A review of the literature reveals 
that moderate bleeding occurs in between 10 and 30 per cent of the reported 
eases of diverticulitis. Massive exsanguinating hemorrhage, on the other hand, 
has not been recognized generally as a major complication of diverticular dis- 
ease. There are many cases recorded in which this has oceurred, and at least 
one author gave a graphic description of blood spurting from the orifice of a 
diverticulum observed through a sigmoidoscope. Numerous cases have been 
reported in which recurrent hemorrhage has been stopped by resection of the 
colon, the resected segments showing only diverticula. Histologic evidence of 
bleeding from erosion of diverticular vessels has been obtained. Injection 
studies have revealed the presence of good-sized arteries in the neck of diver- 
ticula, confirming previous anatomic studies based upon other techniques. Rives 
pointed out that severe hemorrhage is more likely to occur in diverticulosis, in 
contrast to the more moderate bleeding associated with diverticulitis. Despite 
all of the evidence to the contrary, one still finds many who say that if hemor- 
rhage occurs it must be coming from carcinoma, polyps, or other colonic disease. 
These conditions do indeed cause rectal bleeding, but it is rarely of such severity 
as to threaten acutely the patient’s life. In our experience diverticulosis is far 
and away the most common eause for exsanguinating rectal hemorrhage. 

Colonie resection is now a relatively safe procedure with minimal morbidity 
and low mortality. There is reason to believe that the mortality from untreated 
or inadequately treated diverticulitis is considerably higher than that follow- 
ing resection. Recurring diverticulitis is a disabling disease, each attack fraught 
with the hazard of many lethal complications. Further, patients can bleed to 
death as rapidly and as surely from an eroded vessel in the neck of a colonic 
diverticulum as they can from a vessel of comparable size anywere else in the 
body. In view of all these considerations, the pleas of Welch, Waugh, and 
many others for a more aggressive attitude toward recurrent diverticular dis- 
orders of the colon is amply justified. It is high time that internists and sur- 
geons alike recognize the fact that one should be as ready to remove this kind 
of disease as any other, and that the results should be as good. 

In conclusion, one could do no better than to quote the editorial comment 
of the late Evarts Graham, reviewing a series of abstracts on this subject in 
the 1953-1954 Yearbook of Surgery: “The general tone of all the preceding 
five articles is for early resection of the involved colon in a ease of diverticulitis. 
This attitude is thoroughly sound in view of the comparative safety of the 
operation nowadays. The old policy of watchful waiting is becoming un- 
tenable.” 


Rudolf J. Noer 
Department of Surgery 
University of Louisville 
Louisville 2, Ky. 
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Surgical Residency Training and Independent Responsibility 


Surgical proficiency has been obtained in a variety of ways. Many have 
acquired their surgical ability more or less on their own. Others have been 
initiated into the problems of surgery by a relatively brief hospital service. 
Still others have served a preceptorship. The first serious effort to prepare 
thoroughly experienced surgeons were the German and Austrian systems of 
clinie assistantship. Undoubtedly, the greatest advanee was made when Pro- 
fessor Halsted initiated the residency training program which has proved such 
a vital force in improving the caliber of surgical practice, research, and teach- 
ing. The type of program he developed has been widely applied, sometimes 
following the precise concepts and principles he considered important, some- 
times with wide modification. 

With this diverse background it is natural that opinions concerning the 
training of surgeons should vary. Factors which govern these opinions include 
the individual’s own past training, opportunities available to him for training 
others, and his own philosophy toward surgery in general. Not long ago Dr. 
George Crile, Jr.,2, commented editorially on certain aspects of this problem. 
With some of his statements I am in wholehearted agreement; with others I am 
in sharp disagreement. Since the problem is so important and since I am 
certain that Dr. Crile would welcome expression of another point of view by a 
colleague and friend, I shall record my own attitude. 

Dr. Crile pointed out the confusion which exists between training and 
experience. He was certainly right when he stated, “If a resident, without 
supervision, attempts to perform an operation before he has assisted on enough 
operations to know the technic, his time is wasted. If he is assisted in doing 
an operation before the basic pattern of the indications and technic has been 
mastered, time is wasted by both resident and assisting staff surgeon.” No one 
could logically argue for unsupervised and uncontrolled responsibility and 
operative opportunities beyond the competence of the trainee. I judge that Dr. 
Crile ascribes relatively little importance to independent responsibility and 
opportunity for independent operative experience in the training program. 
With this I do not agree. Dr. Crile states: “When this training is complete, 
the surgeon can devote his life to acquiring experience.” It would be a pity, 
to be sure, if he did not continue to improve his judgment, his concepts, and 
his technical ability throughout his surgieal practice. It seems far preferable, 
however, that he begin practice with as adequate experience as he can possibly 
obtain. Dr. Crile feels that much of the confusion between training and ex- 
perience has arisen from the phrase “independent responsibility.””. To me this 
phrase connotes a truly important aspect of the training program and refers, 
not to unsupervised operative opportunities at too early a stage, but rather to 
independent responsibility when the individual has progressed to the point 
where he is able to accept and profit from it. 

During the years of surgical residency training, the trainee anticipates 
advice, encouragement, and stimulation from the supervising staff. He learns 
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much, not only from the chief of service and his associates, but from those on 
the resident staff who are more experienced than he. Gradually, but more 
quickly than one might anticipate, he acquires judgment, initiative, and opera- 
tive dexterity. Though advice should be constantly available to him, his growth 
and maturation should not be strangled by too much of it. Im my opinion, 
these young men ean be thoroughly trusted. They can handle many problems 
entirely on their own and ultimately practically all of them. Rare is it that 
they take advantage of a generous attitude toward their gradual assumption 
of such responsibility. During the final year of training the resident surgeon 
demonstrates remarkable capacities. I know of nothing more gratifying than 
to see year after year these young men assume this final mantle of responsibility 
and demonstrate thorough proficiency in the clinies, on the wards, and in the 
operating rooms. It is a joy indeed to find them dexterous surgeons, sound in 
judgment, capable of performing the most difficult surgical procedures. 

The sort of training program which Professor Halsted began at The Johns 
Hopkins is interpreted in different ways by different individuals. Concerning 
this matter, Dr. Crile states: ‘The Halsted system of residency training has 
been held up as an ideal to which residency training programs should aspire. 
There is no question that this system gave to the one surgeon who emerged as 
the chief resident an unparalleled educational opportunity. It is often for- 
gotten, however, that the Halsted resident spent seven to ten years in the 
hospital and that, ‘independent responsibility’ came only after training was 
complete. The chief resident in the Halsted system was the equivalent of a 
junior staff surgeon. After full training he stayed to do research, teach and 
gain clinical experience. Following this, he was fitted to become a professor. 
Unsuccessful aspirants in the Halsted type of pyramidal residency were given 
three or four years of good training, but they had little experience and no in- 
dependent responsibility before they were dropped. Yet these men emerged as 
the well-trained surgeons who have built the reputation of the Halsted system.” 
In 1952 Carter? wrote about the Halsted residency program under the title, 
“The Fruition of Halsted’s Concept of Surgical Training.” He pointed out that 
there has become widespread the impression that Halsted’s resident surgeons 
served for many years both as assistant resident and as resident surgeon but 
that actually of the 17 resident surgeons trained by Halsted, 2 served 7 years 
each, 4 approximately 514 years, 5 approximately 414 years, and the other 6 
lesser periods of time. The 17 residents who completed their training in the 33 
years during which Halsted directed the program, departed from the institution 
well-trained surgeons. They left at a time when there was a crying need for 
them as teachers and as heads of services. Seven of them became professors 
of surgery; one, surgeon-in-chief of a hospital; one, professor of clinical surgery; 
three, associate professors of surgery; one, instructor in anatomy; and four, 
private practitioners. Fifty-five men served under Halsted as only assistant 
resident surgeons. They certainly did well also. Fifteen of them became pro- 
fessors; 5, elinieal professors; 5, associate professors; 3, assistant professors; 5, 
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assistant clinical professors; 8, instructors; and 14, private practitioners. A 
sizable number went into the surgical specialties: orthopedic surgery, roent- 
genology, urology, otolaryngology, neurosurgery, and one into medicine. Quite 
a few of those who remained in the field of general surgery completed their 
residency experience elsewhere or at The Johns Hopkins after the unfortunate 
death of Professor Halsted. They certainly made their weight felt in the 
progress of American surgery. Approximately 75 per cent of both groups— 
those who were Halsted’s resident surgeons and the larger group who were only 
his assistant resident surgeons—obtained university posts. Both they and 
those who limited their work to the private practice of surgery were excellent 
practitioners and lived up to the ideals which Dr. Halsted held high. 


Only a relatively small number of surgeons can aspire to university teach- 
ing positions. The vast majority will find no such opportunities. Everyone 
who directs a surgical training program hopes that some of his residents will 
become teachers and investigators as well as practitioners of surgery. He 
realizes, however, that many will confine their work to the private practice of 
surgery. He has the same hopes for all of them—that they will not only be 
good surgeons but that they may make some significant original contributions 
and that they will, if they can, pass on to others the opportunities which they 
themselves have had. 

It seems evident to me that the fruition of a good training program should 
be a final period as resident surgeon with ample opportunities for individual 
responsibility in and out of the operating room. I should think that the young 
surgical aspirant would try to obtain a position in a training program where 
he would have the benefit of advice and encouragement from a staff whom he 
respects, where he would have every opportunity for individual self-develop- 
ment and from which he might hope to emerge as a thoroughly well-trained, 
experienced surgeon. I would suppose he would enter training not so much to 
emulate his teachers as to develop his own capacities under their guidance. I 
believe that it must be such thoughts that have prompted the Conference 
Committee on Graduate Training in Surgery to advise that programs be set up 
in such a manner as to afford such operative opportunities to the resident. I 
also believe that the same considerations have prompted the American Board 
of Surgery to suggest that candidates for Board certification obtain training in 
a program which includes a final year of senior responsibility. 

If Professor Halsted were alive I feel confident he would be gratified at the 
widespread extension of the type of residency training he initiated. I do not 
imagine he would be at all concerned that such programs vary from one in- 
stitution to another, that the length of training differs as does the scope of 
surgery covered, and that some maintain a pyramidal system while others have 
abolished it. I do believe he would be gratified that so many are designed 
to give the resident surgeon the independent responsibilities and opportunities 
he considered important. 

I have expressed my views without regard to the opportunities available 
and I have not considered the problems which are arising as the result of 
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increasing hospital and professional service insurance coverage. We cannot, 
however, face these problems wisely unless we define for ourselves the objectives 
of the resideney training program. 

Harris B. Shumacker, Jr. 

Indiana University Medical Center 

Indianapolis 7, Ind. 
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EPONYMIC FRACTURES: ROBERT WILLIAM SMITH AND SMITH’S 
FRACTURE 
LEONARD F. Peutrer, M.D., Po.D., Kansas City, Kan. 


(From the Section of Orthopedic Surgery, University of Kansas Medical Center) 


DAMS, Cheyne, Graves, Stok»s, and Colles were the stellar attractions of 
the medical schools of nineteenth century Dublin, but no constellation is 
complete without its lesser stars. The star of Robert William Smith, anatomist, 
surgeon, pathologist, has not shone with the brilliance of his more famous col- 
leagues, but after a scrutiny of his accomplishment, it becomes apparent that 
the fault is ours, not his. Counting as his friends some of the best medical 
minds of the time, he was accepted as an equal; among distinguished teachers, 
he was unsurpassed. His name is perpetuated as an eponym for an unusual 
fracture of the lower end of the radius, while his description of neurofibro- 


matosis is almost forgotten. 


FRACTURE OF THE LOWER EXTREMITY OF THE RADIUS, WITH DISPLACEMENT OF THE LOWER 
FRAGMENT FORWARD6 


This is an injury of exceedingly rare oceurrence, and one which presents char- 
acters closely resembling those of dislocation of the carpus forward. It generally 
occurs in consequence of a fall upon the baek of the hand, and the situation of 
the fracture is from half and inch to an inch above the articulation; it is accom- 
panied by great deformity, the principal features of which are a dorsal and a pal- 
mar tumour, and a striking projection of the head of the ulna at the posterior and 
inner part of the fore-arm; the dorsal tumour occupies the entire breadth of the 
fore-arm, but is most conspicuous internally, where it is constituted by the lower 
extremity of the ulna displaced backwards; from this point, the inferior outline 
of the tumour passes obliquely upwards and outwards, corresponding in the latter 
direction to the lower end of the superior fragment of the radius. Immediately 
below the dorsal swelling there is a well-marked sulcus, deepest internally below the 
head of the ulna, directed nearly transversely, but ascending a little as it ap- 
proaches the radial border of the fore-arm. 

The palmar is less remarkable than the dorsal tumour; formed principally 
by the lower fragment of the radius, it is obscured by the thick mass of flexor 
tendons which cross the front of the carpus, but towards the ulnar border of the 
limb there is a considerable projection, which marks the situation of the pisiform 
bone, passing down to its attachment into which can be seen the tendon of the 
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flexor carpi ulnaris thrown forwards in strong relief. The transverse diameter of 
the fore-arm is not much altered, but the antero-posterior is considerably increased, 
and the radial border of the limb becomes concave at its lower part. 

In the case from which the preceding drawing was made, the patient, in en- 
deavoring to save himself from being run over by a car, fell with great violence 
upon the back of the hand; the lower end of the radius was broken and driven 
forwards along with the carpus, and the head of the ulna was displaced backwards. 

I cannot speak with accuracy as to the anatomical characters of the injury, 
having never had an opportunity of examining after death the skeleton of the fore- 
arm, in those who had during life met with this accident; nor is there any prepara- 
tion showing the exact relative position of the fragments, in any of the pathological 
collections in Dublin; but still I feel satisfied that the injury, the external charac- 
ters of which have been just described, is a fracture of the lower end of the radius, 
with displacement of the lower fragment along with the carpus forwards, and of 
the head of the ulna backwards, and that it has not unfrequently been mistaken 
for dislocation of the carpus forwards and of the bones of the fore-arm backwards. 





Fig. 1.—A lateral radiograph of a wrist showing Smith’s fracture, a fracture of the lower 
end of the radius with displacement of the distal fragment forward. 


The description is clear. There is no question that the fracture is located 
in the same region as that of Colles, but the direction of the displacement is 
reversed (Fig. 1). There should be no confusion between these fractures, and 
the fracture dislocations of the wrist described by John Rhea Barton.* It comes 
as something of a surprise, therefore, to find that Watson-Jones’? considered 
Smith’s fracture nearly always to be a fracture dislocation, that is, Barton’s 
fracture, and to see a classical example of Barton’s fracture illustrated under 
the title of Smith’s fracture. Indignor quandoque bonus dormitat Homerus* 
(Horace). Thomas" has fallen into this same error, for, in classifying Smith’s 
fractures into three types, Type 2, a fracture dislocation, is certainly not a 
Smith’s fracture at all. 


The Treatise on Fractures in the Vicimty of Joints and on Certain Forms 
of Accidental and Congenital Dislocations® (1847) in which the description of 
Smith’s fracture appeared was the most important work on fractures by a 
British author to follow the great monograph of Astley Cooper on Dislocations 


*Even the worthy Homer sometimes nods. 
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and Fractures in the Vicinity of Joints (1822). The initial chapter, ‘‘On the 
Diagnosis and Pathology of Fractures of the Neck of the Femur,’’ is outstand- 
ing. Smith disagrees with Cooper as to the relative amounts of shortening which 
accompanies intra- and extracapsular fractures and shows that initially the 
amount of shortening with extracapsular fractures is greater. In patients with 
old ununited intracapsular fractures, however, he found large amounts of short- 
ening, and attributes Cooper’s error to the fact that he based his opinion on 
the measurement of such eases. In a period in which our knowledge of these 
fractures is based primarily on their radiographic characteristics, the detailed 
reports of their pathologic appearances as demonstrated by extensive dissection 
can still be perused with profit. The introduction of statistical data into medical 
literature is noted here in Smith’s tables listing his own experience with 28 
extracapsular, 28 intracapsular, and 4 impacted fractures of the hip, and in 
an analysis of 140 specimens of hip fractures in various Dublin museums. 

In the chapter ‘‘On Fractures of the Bones of the Forearm in the Vicinity 
of the Wrist Joint,’’ Smith corrects Colles’ original description by placing 
the site of Colles’ fracture more distally. ‘‘The situation of the fracture is 
not so high as Mr. Colles states it to be; I have never seen it more than an inch 
above the carpal end of the bone; in the majority of cases it is not so much.”’ 
There are good anatomic plates illustrating this injury as well as separations 
of the distal radial epiphysis. 

In 1849, only 2 vears after the appearance of his Treatise on Fractures in 
the Vicinity of Joints, Smith’s other great work was published. A Treatise 
on the Pathology, Diagnosis, and Treatment of Neuroma® was indeed a most 
unusual book. It was said to be the largest book printed in Ireland up to that 
time; an elephant folio measuring 48 by 70 em. (Fig. 2). The plates were 
‘‘drawn from life and on stone’’ by the Irish illustrator Connolly, and are 
superb. In addition to an extensive review of the literature, Smith presented, 
among others, the history, course, and pathologic findings in 2 patients with 
neurofibromatosis. In the first case, a 35-year-old man (Fig. 3), over 800 in- 
dividual neuromas were demonstrated by dissection. The second ease, a 32- 
year-old man, was found to have 1,400 neuromas, with an estimated additional 
600 not dissected. The illustrations of the gross pathology of these 2 cases 
surpass anything contained in the classical report of von Recklinghausen made 
33 years later... Exactly why Smith chose to present his work in such an un- 
wieldy form is difficult to understand since the book fits neither the pocket, 
the briefcase, nor the bookshelf. 

Robert William Smith (Fig. 4) was born in Dublin on Oct. 12, 1807. His 
father was English; his mother, Irish. Like Colles’, Smith’s father died early, 
leaving the family to be brought up by their mother. Both Robert and his 
brother Sidney, who entered the ministry, received an excellent education. 
Smith was apprenticed to Dr. Carmichael and studied at several of the Dublin 
medical schools, principally the Richmond Hospital School. The schools of 
medicine in Dublin were entering their golden age, and his medical training 
was as adequate as could be obtained anywhere at that time. 
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Early in his career Smith taught medical jurisprudence and surgery at the 
Richmond Hospital School, and was the surgeon for the Lunatic Asylum, Island 
Bridge. His interest in pathologic anatomy was intense. 


TREATISE 


He was an indefati- 


on THE 


PATHOLOGY, DIAGNOSIS, AND TREATMENT 


NEUROMA. 


BY 


ROBERT W. SMITH, M.D. T.C.D., M.R.T. A, 


5 





TREATISE ON FRACTURES 


THE VICINITY OF JOINTS. 


DUBLIN: 


, eS AND SMITH, GRAFTON-STREET. 
PENT 4% ‘ BOOKSELLERS TO THE UNIVERSITY 
DISLOCATIONS [S49. 


PRT WILLIAM SMITH. WE MREA 





Fig. 2.—The title pages of Smith’s Treatise on Fractures in the Vicinity of Joints and 
Treatise on the Pathology, Diagnosis, and Treatment of Neuroma. The former is an octavo; 
the latter a curious elephant folio. 


gable vollector. He founded the splendid museum of the Richmond Hospital 
and enriched it from year to year with the fruits of his labors in the form of 


drawings, casts, and preparations illustrating every phase of surgical pathology. 
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Fig. 3.—Plate I from the treatise on neuroma showing the scale and quality of the illustra- 
tions. 
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In his zeal as a collector, he was compared by his contemporaries with John 
Hunter himself. After his death, his private osteologie collection was purchased 
by Trinity College for their Anatomical Museum. 











Fig. 4.—Bust of Robert William Smith presented to the Royal College of Surgeons in 
Ireland by the Pathological Society of Dublin after his death. I am indebted to J. D. H. 
Widdess, Librarian of the College for the photograph. 

In 1838 he was one of the founders of the Pathological Society of Dublin 
ot which he was secretary for 35 years. Associated with him in this enterprise 
were Colles, Graves, Corrigan, and Stokes. With Stokes, Smith had a more 











mole 18 PELTIER: ROBERT WILLIAM SMITH AND SMITH’S FRACTURE 1041 
personal relationship, the two having married sisters. The Pathological Society 
absorbed his interest and profited from his leadership throughout his life. Al- 
most all of his published works originated as communications to the Society. 

His reputation as a pathologist was such that Colles requested Stokes, his 
physician, to have Smith perform his autopsy, saying that he felt sure that 
the observations would be made with accuracy and reported with truth. The 
report of the autopsy was duly made to the Pathological Society of Dublin 
and later published as a part of Stokes’ Observations on the Case of the Late 
Abraham Colles, M.D., Formerly Professor of Surgery of the Royal College of 
Surgeons in Ireland.” 

In 1849 Smith became Professor of Surgery at Trinity College, Dublin, 
a position which he held until his death. He was an enthusiastic teacher and 
extremely popular with his students. In his later years, he almost completely 
abandoned practice in order to. devote more time to his classes. He was an 
accomplished linguist, and his reading among ancient medical authors and con- 
temporary French, German, and Italian writers was eneyelopedic. In his trea- 
tise on fractures, he points out a passage in Dupuytren’s Lecons Orales in which 
Dupuytren had been misquoted by his transcribers, an error which was corrected 
in later editions. Smith’s references in his published works to foreign writers 
exceed in scope those of most British authors of today. Because of his eosmo- 
politan interests, Smith became an ordinary, corresponding, or honorary mem- 
ber of many medical societies at home and abroad. 

In 1873 Smith became Vice-President of the Royal College of Surgeons in 
Ireland, and undoubtedly would have succeeded to the Presidency had not death 
intervened after a short illness on Oct. 28, 1873. 

It is difficult to clothe with flesh the bare bones of bibliographic data avail- 
able. His writings reveal Smith to be thorough, observing, and appreciative 
of fine distinctions. His style is clear and simple, free of affectation. His wit 
and candor lie hidden except for a rare comment such as the footnote to the 
bibliography of the treatise on fractures: 

To those who are familiar with the literature of impacted fractures of the 

neck of the femur, it may, perhaps, appear strange that no reference has been made 

in the text to the memoir of M. Robert upon the subject, a report upon which was 

published in the Bulletin de l’Académie Royale de Médicine, 1844-45. It was un- 

necessary to allude to it, inasmuch as, in all that relates to the symptoms, diagnosis 

and anatomical characters of the injury, the memoir of Robert is merely a transla- 


tion of that which I published upon the subject in 1840, in the Dublin Medical 
Journal. 
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and Hypaque 90 per cent for use 
as (Killen et al.), 436 
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artery disease, experimental basis for 
new operation for: left atrial- 
pulmonary artery shunt to en- 
courage development of inter- 


arterial intercoronary anastomo- 
ses (Day and Lillehei), 487 
surgery in dogs, experimental, employ- 
ing pump-oxygenator (Miller et 
al.), 1005 
occlusion, closed chest, in the pig, anti- 


fibrillatory agents and surgery 
tested by (Garamella et al.), 
909 


Costal chondritis and perichondritis (Pon- 
tius et al.), 852 

Crater, massively bleeding duodenal ulcer 
with especial reference to (Gard- 
ner and Baronofsky), 389 

Crimped graft of Teflon, improved—progress 

in synthetic graft development 

(Edwards), 298 
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prednisone to prevent recurrence 
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Diagnosis and management of bleeding 
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(Ellis et al.), 160 
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fistula (Sanger et al.), 344 
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ease, use of (Shepard § and 
Roberts), 118 
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and mitral valvular stenosis un- 
der hypothermia (Connolly et 
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Dise oxygenator, rotating, clinical experi- 
ence with (Sloan et al.), 138 
Disruption of muscles and tendons (Anzel 
et al.), 406 
Dissecting aneurysm of femoral and poplit- 
eal artery (Movitz), 834 
aneurysms of aorta, experimental pro- 
duction of (Blanton et al.), 81 


Digital 
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Dissection, biochemical, of ischemic liver 
necrosis (Mason et al.), 765 
Diverticulitis, diverticulosis and (Edit.), 
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vesicoenteric fistula formation complicat- 


ing (Lamphier et al.), 858 
Diverticulosis and diverticulitis (Edit.), 
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Dogs with complete small bowel obstrue- 
tion, amylase activity of abdom- 
inal fluid in (Boyd and Byrne), 
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with diabetes mellitus, experimental, ef- 
fect of Eck and reverse Eck 
fistula in (Mever and Starzl), 
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experimental coronary artery surgery 
in, employing pump-oxygenator 


(Miller et al.), 1005 
experimentally produced closed loop intes- 


tinal obstruction in (Dines and 
Geis), 751 

Duodenal ulcer, massively bleeding, with 
especial reference to crater 
(Gardner and Baronofsky), 389 
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lame 
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Eek dogs 
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reverse Eck fistula, effect in 
with experimental diabetes mel- 


and 


litus (Meyer and Starzl), 760 
Eectopie ureteral orifices, problems in di- 
agnosis and treatment of 
(Thompson), 593 
Electrocardiogram monitor, simple, for op- 
erating room (Cannard == and 
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Elkin, Daniel Collier, in memoriam, 528 
Embolism, pulmonary, and venous throm- 


bosis, of (Barker), 
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Eponymie fractures: 


management 
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and Smith’s fracture (Peltier), 
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Esophageal defects, full-thickness, use of 
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(Moore and Goldstein), 899 
varices, bleeding, use of intravenous Pi- 
tuitrin in treatment of (Schwartz 
et al.), 72 
Esophagus, carcinoma of, plastic prosthesis 
for palliating (Sachs), 377 
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cinoma of, five-year survivals 
after surgery for, statistical re- 


view (Nakavama), 883 
retrosternal artificial, from jejunum and 
colon (Petrov), 890 
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oxygenator (McCaughan et al.), 
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Etiologic mechanisms in development of 
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et al.), 105 

Excision, local, of pulmonary arteriove- 


nous aneurysms, analysis of 
pathologic anatomy with partic- 
ular reference to (Bosher et al.), 
91 

Experimental production of dissecting an- 
eurysms of aorta (Blanton et 
al.), 81 

traumatic shock, function of liver in, ob- 

servations of (Wise et al.), 274 

Extracorporeal circulation, mechanical fail- 
ure during: method for preven- 
tion (Zaroff et al.), 645 

Extramammary Paget’s disease 
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(Grimes), 
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Femoral arterial bypass operations, forma- 
tion of subcutaneous tunnel in 
(Largo and Lui), 663 
and popliteal artery, dissecting aneurysm 
of (Movitz), 834 
rabbit, technique of operating 
upon (Cowen and Laurenson), 
321 
coronary arteriovenous, diagnosis 
and treatment of (Sanger et al.), 
344 
Eck and reverse Eck, effect in dogs with 
experimental diabetes mellitus 
(Mever and Starzl), 760 
formation, spontaneous _ biliobronchial, 
following common duct obstrue- 
tion (Gilchrist and Parrott), 403 
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litis (Lamphier et al.), 858 
Fistulotomy, primary, in treatment of ano- 
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(Peacock), 415 
absorption from small 
(LeVeen et al.), 738 
replacement following tourniquet shock, 
efficacy of plasma and’ dextran 
compared to saline for (Serkes 
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Fractures, eponymic: Robert William Smith 
and Smith’s fracture (Peltier), 
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pathologie observations on fate 
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Gastrectomy, total, required by idiopathic 
hemorrhagic gastritis, recurrent 
gastric hemorrhage due _ to 
(Hardaway and Castagno), 780 
hemorrhage, recurrent, due _ to 
idiopathic hemorrhagic gastritis 
which required total gastrectomy 
(Hardaway and Castagno), 780 
vagally innervated, in dogs, 
simple technique for preparing 
(Perry et al.), 937 


Gastric 


pouches, 


wall, application of autogenous skin 
grafts to (Dineen et al.), 251 
Giant cells, formation of, as reaction of 


great omentum of rat to pipe 
tobacco tar (Downey and Wells), 
715 
Goat, role of Clostridia in mortality follow- 
ing experimental wound in: I. 
Quantitative bacteriology (Lind- 
sev et al.), 602 
II. Demonstration of toxic ma- 
terials in wound exudate (Noyes 
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Ill. Effect of clostridial antitoxin 
in prolonging survival (Lindsey 
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terstitial radiation of dog’s 
pancreas with, preliminary to 
use in malignant diseases of 


pancreas (Ireton and Watman), 
475 

Graft, synthetic, progress in development 
of—improved crimped graft of 
Teflon (Edwards), 298 

Grafts, arterial, Ivalon, in dogs, unfavor- 
able results with (MeCaughan), 
661 

skin, autogenous, application to gastric 

wall (Dineen et al.), 251 

Granulomas and sinuses secondary to per- 
manent implantation of braided 
wire alloy sutures in_ tissues 
(Sneierson et al.), 552 

Gravimetric method compared with blood 


volume determination in_ eval- 
uating blood losses during sur- 
gical operations (Caceres and 
Whittembury), 681 

Great vessels, transposition of, surgical 


correction of (Senning), 966 


H 


Healing of flexor tendons, some problems 
in (Peacock), 415 
rate of arterial autografts (Gaylis et al.), 
41 
oft-negleeted factor 
(Edit.), 354 


wound, related to 
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sixty penetrating wounds’ of 
(Isaaes), 696 
surgery, open, complications peculiar to 
(Effler et al.), 149 
patient management during (Mendel- 
sohn et al.), 949 
Hematocrit ratio, role in circulatory arrest 
(Crowell and Johnson), 432 
Hemorrhage, gastric, recurrent, due _ to 
idiopathic hemorrhagic gastritis 
which required total gastrectomy 
(Hardaway and Castagno), 780 
Hemorrhagic diathesis associated with mas- 
sive transfusion (Gollub et al.), 
204 
hypotension, effect of chlorpromazine on 
renal function and hemodynamics 
during (Savlov), 229 
pancreatitis in dogs, acute, production 
by means of episode of intra- 
vascular clotting in pancreas 
(Hardaway and MeKay), 557 
of kidney, spontaneous, asso- 
ciated with periarteritis nodosa 
(Mandelbaum and Radigan), 787 
Heparin used to minimize thrombocytopenia 


Heart, 


rupture 


and bleeding tendency during 
hypothermia (Wensel and Bige- 
low), 22 

Hepatic restoration in rat, various mech- 
anisms of, comparative study 


(Lawrence et al.), 543 
Hirschsprung’s disease, rectal biopsy in 

diagnosis of (Swenson et al.), 690 
Homograft, freeze-dried, resection and, in 

treatment of patients with ar- 


teriosclerotic aneurysm of ab- 
dominal aorta, follow-up study 
(Seott et al.), 445 

Homografts, arterial freeze-dried, clinico- 


pathologie observations on fate 
of (Humphries et al.), 59 

Hospital-Acquired Staphylococcal Disease, 
National Conference on, report 
of (Edit.), 522 

Hypaque 90 per cent and Urokon 70 per 
cent, relative suitability for use 
as aortographiec contrast media 
(Killen et al.), 436 

Hypernephroma, bilateral, partial resection 
of right kidney and radical re- 
moval of left kidney in patient 


with (Krumbach and Ansell), 
585 

Hypocalcemia, thrombocytopenia and; new 
method for production in dogs 


and evaluation of significance in 
abnormal bleeding (Winchell et 
al.), 357 

Hypotension, hemorrhagic, effect of chlor- 
promazine on renal function and 


hemodynamies during (Savlov), 
99G 


Hypothermia, direct vision surgery of ac- 
quired aortic and mitral valvular 
stenosis under (Connolly et al.), 
181 
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Hypothermia—Cont’d 
and transfusion of oxygenated blood in 
treatment of neonatal asphyxia 
pallida (Westin et al.), 868 
use of heparin to minimize thrombocy- 


topenia and bleeding tendency 
during (Wensel and Bigelow), 
992 


aw 


I 


Idiopathic hemorrhagic gastritis which re- 


quired total gastrectomy, re- 
current gastric hemorrhage due 
to (Hardaway and Castagno), 
780 


Iliac arteriography in conjunction with 
lumbar sympathectomy in periph- 
eral vascular disease (Shapiro et 
al.), 454 

Imperforate anus, colon malformation with 

(Trusler et al.), 328 

anatomy of _ pelvic 

nervous system in 

(Seott), 1013 

Impingement oxygenator, 

study of new method of 
oxygenation (Marx et al.), 992 

In memoriam: Daniel Collier Elkin, 528 

Inhibition of coagulase of Staphylococcus 

(Miller et 


high, autonomic 
eases of 
experimental 
blood 


aureus by Congo red 
al.), 310 
studies on 
circulation. 
observations on 
(Reiner et al.), 820 
Injured ureter, repair of: new technique for 
end-to-end anastomosis (Hamm 
et al.), 575 
Intact omentum for closure of full-thickness 
esophageal defects (Moore and 
Goldstein), 899 
Interarterial intercoronary anastomoses, 
left atrial-pulmonary artery 
shunt to encourage development 
of: experimental basis for new 
operation for coronary artery 
disease (Day and Lillehei), 487 
mammary artery ligation. as 
method of myocardial revascular- 
ization, experimental evaluation 
of (Vansant and Muller), 840 
radiation of dog’s pancreas 
with radioactive colloidal 
(Au1%) preliminary to use in 
malignant diseases of pancreas 
(Ireton and Watman), 475 
Intestinal obstruction in dogs, closed loop, 
experimentally produced (Dines 
and Geis), 751 
experimental, serum amylase levels in 
(Boyd and Byrne), 742 
“lower,” diagnosis and 


mesenteric arterial 
I. Technique and 
collaterals 


Injection 


Internal 


Interstitial 
gold 


Intestine, manage- 


ment of bleeding from (Edit.), 
352 
Intestines, small, fluid absorption from 


(LeVeen et al.), 738 
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Intra-aortic nitrogen mustard therapy in 


advanced pelvic malignancies 
(Byron et al.), 634 
Intracardiac surgery, experiences’ with 


(Gerbode), 1 

Intrathoracic vagus nerve, neurofibroma of, 
in woman with Recklinghausen’s 
disease (Pampari and Lacerenza), 
470 

Intravascular clotting in pancreas, produc- 
tion of acute hemorrhagic pan- 
creatitis in dogs by means of 
episode of (Hardaway ' and 
MeKay), 557 

Intravenous Pituitrin in treatment of bleed- 
ing esophageal varices, use of 
(Schwartz et al.), 72 

Intussusception (Packard and Allen), 496 

Todide-induced goiter (Gold), 424 

Ischemia, cerebral, of central origin; relief 


by subclavian-vertebral artery 
thromboendarterectomy (Cate 
and Scott), 19 

Ischemie liver necrosis, biochemical dis- 


section of (Mason et al.), 765 
Ivalon arterial grafts in dogs, unfavorable 
results with (MecCaughan), 661 


J 


retrosternal artificial 
(Petrov), 890 


and colon, 


Jejunum 
esophagus from 


K 
partial resection of right, and 
radical removal of left, in pa- 
tient with bilateral hyperneph- 
roma (Krumbach and Ansell), 
585 
spontaneous hemorrhagic rupture of, asso- 
ciated with periarteritis nodosa 
(Mandelbaum and _ Radigan), 
787 


Kidney, 


L 


Mammary artery as 


Ligation of internal 
method of myocardial revascu- 
larization, experimental evalu- 
ation of (Vansant and Muller), 
840 

Limb survival with and without definitive 
surgical treatment in oblitera- 
tive arterial disease (Cranley et 
al.), 32 

Linear polyethylene, new suture material 
for arterial anastomosis (Phelan), 
674 

Liver function in experimental traumatic 
shock, observations of (Wise et 
al.), 274 


necrosis, ischemic, biochemical dissec- 
tion of (Mason et al.), 765 
restoration in rat, various mechanisms 


of, comparative study (Lawrence 
et al.), 543 





1057 


Local excision of pulmonary arteriovenous 
aneurysms, analysis of patho- 
logic anatomy with particular 
reference to (Bosher et al.), 91 

Ludwig’s angina, syndrome of, studies on 
carotid sinus with reference to 
(Elliott and Weisengreen), 371 

Lumbar sympathectomy in peripheral vas- 
cular disease, iliac arteriography 
in conjunction with (Shapiro et 
al.), 454 

Lymph duct, thoracic, human, cannulation 
of (Shafiroff and Kau), 814 


M 


Malformation, colon, with imperforate anus 
(Trusler et al.), 328 
Malignancies, pelvic, advanced, intra-aortic 
nitrogen mustard therapy in 
(Byron et al.), 634 
Malignant diseases of pancreas, interstitial 
radiation of dog’s pancreas with 
radioactive colloidal gold (Au198) 
preliminary to use in (Ireton and 
Watman), 475 
artery, internal, ligation § as 
method of myocardial revascu- 
larization, experimental evalua- 
tion of (Vansant and Muller), 
840 
Massive transfusion, hemorrhagic diathesis 
associated with (Gollub et al.), 
204 
metabolic alkalosis following (Litwin 
et al.), 805 
thrombocytopenia in (Gollub et al.), 


Mammary 


366 
Massively bleeding duodenal ulcer with 
especial reference to _ crater 


(Gardner and Baronofsky), 389 
Mechanical failure during extracorporeal 

circulation: method for preven- 

tion (Zaroff et al.), 645 
Mechanisms, etiologic, in development of 
collateral circulation (Winblad 
et al.), 105 
peritonitis, unusual diagnostic 
sign in: vaginal drainage of 
meconium (Pollock et al.), 324 
Mediastinal goiter, posterior, two cases and 


Meconium 


their management (Bugden et 
al.), 941 
Mesenteric arterial circulation, injection 


studies on. I. Technique and ob- 
servations on collaterals (Reiner 
et al.), 820 
Metabolic alkalosis following massive trans- 
fusion (Litwin et al.), 805 
Methyleholanthrene carcinogenesis, —en- 
hancement by distant surgical 
trauma (Werder et al.), 642 
and aortic valvular stenosis, ac- 
quired, direct vision surgery of, 
under hypothermia (Connolly et 
al.), 181 


Mitral 
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Mitral—Cont’d 
insufficiency, pure, myxoma of left atrium 
simulating (Wittenstein et al.), 


98! 
Monitor, electrocardiogram, simple, for 
operating room (Cannard and 


Schuder), 467 
role of Clostridia in, following 


Mortality, 
experimental wound in the goat. 


I. Quantitative bacteriology 
(Lindsey et al.), 602 
II. Demonstration of toxic ma- 


terials in wound exudate (Noyes 
et al.), 612 
Ill. Effeet of clostridial antitoxin 
in prolonging survival (Lindsey 
et al.), 617 
casualties, period 
(Edit.), 520 
Muscles and tendons, disruption of (Anzel 
et al.), 406 
Myoeardial revascularization, experimental 
evaluation of internal mammary 


Multiple of calm and 


artery ligation as method of 
(Vansant and Muller), 840 
Mvxoma of left atrium simulating pure 


mitral insufficiency (Wittenstein 
et al.), 981 


N 


Conference on Hospital-Acquired 


National 
Staphylococcal Disease, report of 


(Edit.), 522 
Necrosis, liver, ischemic, biochemical dis- 


section of (Mason et al.), 765 

asphyxia pallida treated with hy- 
pothermia alone or with hypo- 
thermia and transfusion of oxy- 


Neonatal 


genated blood (Westin et al.), 
868 
Neurofibroma of intrathoracie vagus nerve 


in woman with Recklinghausen’s 
disease (Pampari and Lacerenza), 
470 
cardiac 
al.), 506 
Nitrogen mustard given by different routes 
to rats receiving Walker 256 
cells intraportally, intraperitone- 
ally, and subcutaneously, effects 


Newborn, surgery in (Collins et 


of (McCredie and dePeyster), 
709 

therapy, intra-aortic, in advanced 
pelvic malignancies (Byron et 


al.), 634 


O 


Obliterative arterial disease, limb survival 
with and _ without definitive 
surgical treatment (Cranley 
et al.), 32 

Obstruction, common duct, spontaneous 
biliobronehial fistula formation 
following (Gilchrist and Parrott), 
403 


in 


SUBJECT 











INDEX 


Obstruction—Cont ’d 
intestinal, in dogs, closed 
mentally produced 

Geis), 751 
experimental, serum amylase levels in 

(Boyd and Byrne), 742 
Omentum, great, of rat, reaction to pipe 
tobacco tar including formation 


experi- 
and 


loop, 
(Dines 


of giant cells (Downey and 
Wells), 715 

intact, for closure of full-thickness eso- 
phageal defects (Moore and 


Goldstein), 899 

Open heart surgery, complications peculiar 
to (Effler et al.), 149 

patient management during (Mendel- 

sohn et al.), 949 

Operating room electrocardiogram monitor, 
simple (Cannard and Schuder), 
467 

Operation upon fetus of rabbit, technique 


of (Cowen and Laurenson), 321] 
surgical, evaluation of blood 


Operations, 
losses during (Caceres and Whit- 
tembury), 681 

Oxvgenation, autogenous, method of cardiac 
bypass with (Helmsworth et al.), 
129 

experimental 


Oxygenator, impingement, 


study of new method of blood 
oxygenation (Marx et al.), 992 


pump, Kay-Cross, management of patient 
during open heart surgery using 


(Mendelsohn et al.), 949 

use in experimental coronary artery 
surgery in dogs (Miller et al.), 
1005 


vertical screen, completely assembled, 


ethylene oxide sterilization of 
(MeCaughan et al.), 648 
rotating dise, clinical experience with 


(Sloan et al.), 138 


P 


disease of breast (McGregor and 
MeGregor), 562 
extramammary (Grimes), 569 


Pancreas, dog’s, interstitial radiation with 


-aget’s 


radioactive colloidal gold 
(Aul198) preliminary to use in 
malignant diseases of pancreas 
(Ireton and Watman), 475 
Pancreatitis, acute hemorrhagic, in dogs, 


production by means of episode 
by intravascular clotting in pan- 
creas (Hardaway and McKay), 
557 

anatomy of pulmonary arteri- 
Ovenous aneurysms, analysis of, 
with particular reference to ap- 
plicability of local excision 
(Bosher et al.), 91 


-athologie 


-atient management during open heart 
surgery (Mendelsohn et al.), 949 














SUBJECT INDEX 


Pelvic autonomic nervous system, anatomy 
of, in cases of high imperforate 
anus (Scott), 1013 
malignancies, advanced, intra-aortic ni- 
trogen mustard therapy in (By- 
ron et al.), 634 


Penetrating wounds of heart, sixty 
(Isaaes), 696 

Perforated gastric and duodenal ulcers, 
radical surgical treatment of 
(Edit.), 527 

Periarteritis nodosa, spontaneous hemor- 


rhagie rupture of kidney associ- 
ated with (Mandelbaum and 
Radigan), 787 

Perichondritis, costal chondritis and (Pon- 
tius et al.), 852 


Period of calm and multiple casualties 
(Edit.), 520 
Peripheral vascular disease, iliae arteri- 


ography in conjunction with lum- 
bar sympathectomy in (Shapiro 
et al.), 454 
Peritonitis, meconium, unusual diagnostic 
sign in: vaginal drainage of 
meconium (Pollock et al.), 324 
antifibrillatory agents and _ surgery 
tested by closed chest coronary 
occlusion in (Garamella et al.), 
292 
Pipe tobaceo tar, reaction of great omen- 
tum of rat to, including forma- 
tion of giant cells (Downey and 
Wells), 715 
intravenous, in 
bleeding esophageal 
(Schwartz et al.), 72 
Plasma and dextran, efticacy of, compared 
to saline for fluid replacement 
following tourniquet shock 
(Serkes et al.), 623 
Plastic prosthesis for palliating carcinoma 
of esophagus (Sachs), 377 
Pneumonias, staphylococcic, acute thoracie 
emergencies in infants and chil- 
dren with (Weisel and Gorman), 
335 
Polyethylene, linear, new suture material 


Pig, 


treatment of 
varices 


Pituitrin, 


for arterial anastomosis (Phe- 
lan), 674 

Polyvinyl ureteral substitutes, total bi- 
lateral, in the dog (Ulm and 
Lo), 313 

Popliteal and femoral artery, dissecting 


aneurysm of (Movitz), 834 
shunt, reverse (Meyer and 

Starzl), 531 

Posterior mediastinal goiter, two cases and 
their management (Budgen et 
al.), 941 

Postgastrectomy patients, fifty, psychiatric 
observations on (Rond), 729 

Postoperative complications due to Staphy- 
lococeus aureus (Wolma_ and 


Portacaval 


Lynch), 796 
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citrate arrest and aortie occlu- 
sion alone during cardiopulmo- 
nary bypass, comparative study 
of (Nunn et al.), 848 
Prednisone to prevent recurrence of des- 
moid tumor of abdominal wall 
in child (Panos and Poth), 777 
Preoperative evaluation of respiratory fune- 
tion in surgical patients: impor- 
tance in prediction of pulmo- 
nary complications (Veith and 
Rocco), 905 
Pressure dressings, aid in application of 
(Moore), 688 
Problems in flexor tendon 
cock), 415 
Progress in synthetie graft development— 
improved erimped graft of Tef- 
lon (Edwards), 298 
Prosthesis, plastic, for palliating carcinoma 
of esophagus (Sachs), 377 
Psychiatric observations on fifty postgas- 
trectomy patients (Rond), 729 
Pulmonary arteriovenous aneurysms, analy- 
sis of pathologie anatomy of, 
with particular reference to ap- 
plicability of local excision 
(Bosher et al.), 91 
complications in surgical patients, im- 
portance of evaluation of re- 
spiratory function in prediction 
of (Veith and Rocco), 905 
embolism and venous’ thrombosis, 
agement of (Barker), 198 
Pulse recording, digital, in vascular dis- 
ease, use of (Shepard and Rob- 
erts), 118 
Pump-oxygenator, Kay-Cross, management 
of patient during open heart 
surgery using (Mendelsohn et 
al.), 949 
use in experimental coronary artery sur- 
gery in dogs (Miller et al.), 1005 
screen, completely assembled, 
ethylene oxide sterilization of 
(MeCaughan et al.), 648 
venoarterial, system for (Dick- 
son et al.), 288 


Potassium 


healing (Pea- 


man- 


vertical 
Pumping, 


R 


Rabbit, fetus of, technique of operating 
upon (Cowen and Laurenson), 
321 

Radiation, interstitial, of dog’s pancreas, 
with radioactive colloidal gold 
(Au198) preliminary to use in 
malignant diseases of pancreas 
(Ireton and Watman), 475 

Radical surgical treatment of perforated 
gastric and duodenal ulcers 
(Edit.), 527 

Radioactive colloidal gold (Au198), inter- 
stitial radiation of dog’s pan- 
creas with, preliminary to use 
in malignant diseases of pan- 
creas (Ireton and Watman), 475 
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omentum of, reaction to pipe 

tobacco tar including formation 

of giant cells (Downey and 

Wells), 715 

mechanisms of hepatic restora- 

tion in, comparative’ study 

(Lawrence et al.), 543 

Rate of healing of arterial autografts (Gay- 
lis et al.), 41 

receiving Walker 256 cells intra- 
portally, intraperitoneally, and 
subeutaneously, effects of giving 
nitrogen mustard by different 
routes to (McCredie and de- 
Peyster), 709 

Recklinghausen’s disease, neurofibroma of 

intrathoracic vagus nerve in 

woman with (Pampari and La- 

cerenza), 470 


Rat, great 


various 


Rats 


Rectal biopsy in diagnosis of Hirsch- 
sprung’s disease (Swenson et 
al.), 690 

Renal function and hemodynamics, effect 


of chlorpromazine on, particu- 
larly during hemorrhagic hypo- 
tension (Savlov), 229 

Repair of injured ureter: new technique 
for end-to-end anastomosis 
(Hamm et al.), 575 

Report of National Conference on Hospital- 

Acquired Staphylococcal Disease 

(Edit.), 522 

and freeze-dried homograft in 

treatment of patients with ar- 

teriosclerotic aneurysm of ab- 

dominal aorta, follow-up study 

(Seott et al.), 445 

Residency training, surgical, and independ- 
ent responsibility (Edit.), 1030 

Respiratory function in surgical patients, 
evaluation of: importance in 
preoperative preparation and in 


Resection 


prediction of pulmonary com- 
plications (Veith and Rocco), 
905 : 


Retrosternal artificial esophagus from _ je- 
junum and colon (Petrov), 890 
Revascularization, myocardial, experimental 
evaluation of internal mammary 
artery ligation as method of 
(Vansant and Muller), 840 
portacaval shunt (Meyer and 
Starzl), 531 
Rotating dise oxygenator, clinical experi- 
ence with (Sloan et al.), 139 
of kidney, spontaneous hemor- 
rhagic, associated with periar- 
teritis nodosa (Mandelbaum and 
Radigan), 787 


Reverse 


Rupture 


S 


Saline for fluid replacement following tour- 
niquet shock, efficacy of plasma 
and dextran compared to 
(Serkes et al.), 62: 
frozen (Winship and 
462 


Sections, Rosvoll), 





SUBJECT INDEX 


Serum amylase levels in experimental in- 
testinal obstruction (Boyd and 
Byrne), 742 

SGOT in biochemical dissection of ischemic 
liver necrosis (Mason et al.), 
765 

Shock, experimental traumatic, function of 
liver in, observations of (Wise 
et al.), 274 

Shunt, left atrial-pulmonary artery, to en- 
courage development of inter- 
arterial intercoronary anastomo- 
ses: experimental basis for new 
operation for coronary artery 
disease (Day and Lillehei), 487 

portacaval, reverse (Meyer and Starzl), 

531 

Sigmoidosecopy and biopsy (Edit.), 880 

Skin grafts, autogenous, application to gas- 
tric wall (Dineen et al.), 251 

Small intestines, fluid absorption from (Le- 
Veen et al.), 738 

Smears, cul-de-sac, for cancer cells (Quan), 


258 

Smith, Robert William, and Smith’s frae- 
ture: eponymic fractures (Pel- 
tier), 1035 

Society for Vascular Surgery, articles, 


1-203 

Spontaneous hemorrhagic rupture of kid- 
ney associated with periarteritis 
nodosa (Mandelbaum and Radi- 
gan), 787 

Staphylococcal Disease, Hospital-Acquired, 
report of National Conference on 
(Edit.), 522 

Staphylococcic pneumonias, acute thoracic 
emergencies in infants and chil- 
dren with (Weisel and Gorman), 
335 

Staphylococcus aureus, 
hibition by 
et al.), 310 

postoperative complications due to 

(Wolma and Lynch), 796 

Stenosis, valvular, acquired aortic and mi- 
tral, direct vision, surgery of, 
under hypothermia (Connolly et 
al.), 181 

Sterilization, ethylene oxide, of completely 

assembled vertical screen pump- 

oxygenator (McCaughan et al.), 

648 

cardiac portion, carcinoma of 

esophagus and, five-year sur- 

vivals after surgery for, statis- 

tical review (Nakayama), 883 

Subclavian-vertebral artery thromboendar- 
terectomy for relief of cerebral 
ischemia of central origin (Cate 
and Scott), 19 

Subcutaneous tunnel in femoral arterial 
bypass operations, formation of 
(Largo and Lui), 663 


coagulase of, in- 
Congo red (Miller 


Stomach, 














Superior vena cava and right atrium, anas- 
tomosis between, new technique 
and new application of (Ben- 
venuto and Lewis), 173 

Surgery, antifibrillatory agents and, tested 
by closed chest coronary occlu- 
sion in the pig (Garamella et 
al.), 292 

cardiac, in newborn (Collins et al.), 506 

direct vision, of acquired aortic and 
mitral valvular stenosis under 
hypothermia (Connolly et al.), 
181 

intracardiac, experiences with (Gerbode), 


open heart, complications peculiar to 
(Effler et al.), 149 
Surgical management of tic douloureux, ex- 
periences in (Gurdjian et al.), 
264 
residency training and independent re- 
sponsibility (Edit.), 1030 
treatment, definitive, in obliterative ar- 
terial disease, limb survival with 
and without (Cranley et al.), 
32 
diagnosis and, of common atrium 
(cor triloculare-biventriculare), 
(Ellis et al.), 160 
Suture material, new, for arterial anastomo- 
sis, linear polyethvlene as (Phe- 
lan), 674 
Sutures, braided wire alloy, in tissues, 
granulomas and sinuses second- 
ary to permanent implantation of 
(Sneierson et al.), 552 
Svmpathectomy, lumbar, in peripheral vas- 
cular disease, iliac arteriography 
in conjunction with (Shapiro et 
al.), 454 
Svnthetic graft development, progress in— 
improved crimped graft of Teflon 
(Edwards), 298 
System for venoarterial pumping (Dick- 
son et al.), 288 


TT 


Tar, pipe tobacco, reaction of great omen- 
tum of rat to, ineluding forma- 
tion of giant cells (Downey and 
Wells), 715 

Teflon, improved crimped graft of—prog- 
ress in synthetic graft develop- 
ment (Edwards), 298 

Tendon, flexor, healing of, some problems 
in (Peacock), 415 

Tendons, muscles and, disruption of (An- 
zel et al.), 406 

Tension pneumothorax in infants and ehil- 
dren with staphyloecoecie pneu- 
monias (Weisel and Gorman), 
335 

Thoracie emergencies, acute, in infants and 
children with staphylococcie 


pneumonias (Weisel and _ Gor- 
man), 335 











SUBJECT INDEX 1061 


Thoracic—Cont’d 
lymph duet, human, cannulation of 
(Shafiroff and Kau), 814 
Thrombocytopenia and bleeding tendency 
during hypothermia, use of hep- 
arin to minimize (Wensel and 
Bigelow), 223 
and hypocalcemia; new method for pro- 
duction in dogs and evaluation 
of significance in abnormal 
bleeding (Winchell et al.), 357 
in massive transfusion, mechanism of 
production and evaluation of 
role in producing abnormal 
bleeding (Gollub et al.), 366 
Thromboendarterectomy, experimental, de- 
velopment of atheroma in ar- 
teries subjected to (Gryska), 655 
of subelavian and vertebral arteries for 
relief of cerebral ischemia of 
central origin (Cate and Seott), 
19 
Thrombosis, venous, and pulmonary embo- 
lism, management of (Barker), 
198 
Tie douloureux, surgical management of, 
experiences in (Gurdjian et al.), 
264 
Tobacco tar, pipe, reaction of great omen- 
tum of rat to, ineluding forma- 
tion of giant cells (Downey and 
Wells), 715 
Tourniquet shock, efficacy of plasma and 
dextran compared to saline for 
fluid replacement following 
(Serkes et al.), 623 
Transfusion, massive, hemorrhagic diathesis 
associated with (Gollub et al.), 
204 
metabolic alkalosis following (Litwin 
et al.), 805 
thrombocytopenia in (Gollub et al.), 
366 
of oxygenated blood, hypothermia and, in 
treatment of neonatal asphyxia 
pallida (Westin et al.), 868 
Transposition of great vessels, surgical cor- 
rection of (Senning), 966 
Trauma, surgical, distant, enhancement of 
methylecholanthrene carecinogene- 
sis by (Werder et al.), 642 
Traumatie shoek, experimental function of 
liver in, observations of (Wise 
et al.), 274 
Treatment, definitive surgical, in oblitera- 
tive arterial disease, limb  sur- 
vival with and without (Cran- 
lev et al.), 32 
diagnosis and, of coronary arteriovenous 
fistula (Sanger et al.), 344 
Tumor cells, Walker 256, given intra- 
portally, intraperitoneally, and 
subcutaneously to rats, effects 
of nitrogen mustard by different 
routes (MeCredie and dePey- 
ster), 709 
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Tumor—Cont’d 

of abdominal wall: use of 
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SHOCK 


THOUSANDS NOW SURVIVE 


with today’s improved management of 
shock, including the use of Levoplied. 

















With Levophed “... necessary surgical 
procedures were attempted which 
could not otherwise have been done.” 
“,.. the most potent and fastest acting 
of the vasopressor agents.” 


lifesaving ® 
References: 1. Fremont, R. E.; Luger, N. M.; Surks, S. N., 
and Kleinman, A.: A.M.A. Arch. Surg. 68:44, Jan., 1954. 2. natural 
oo. C. M., and Binder, M. J.: Am. Heart J. 54:458, Sept., 
—_ antishock 
: pressor hormone 
LABORATORIES New York 18, N. Y. 
LEVOPHED (BRAND OF LEVARTERENOL), TRADEMA . OFF. 
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BLOCKAIN 





a pause for reflection... Operation finished. | You sit back and 
relax. Blockain* anesthesia lasted long enough with one small injection so that you 
were easily able to proceed from incision to closure without pause for reinjection. 
Longer anesthetic duration... You did that accurate reapproximation of skin 
edges without distortion from freshly introduced anesthetic. And more, Blockain 
persisted post op.—you had no complaints of uncomfortable splints, dressings or 
tender tissues. Rapid onset, too... You recall that the pre-incision wait was 
avoided. A case to remember: A 78-year-old patient, arteriosclerotic, poor liver 
function with a transcervical fracture of left femur, underwent a one-hour-and-20- 
minute operation, involving internal fixation‘of the fracture and the placement of a 
Smith-Petersen nail, with one injection of Blockain. Effect of anesthetic: ‘‘excel- 
lent.”” Onset of anesthesia: “‘rapid.”’ Only 60 cc. of Blockain was used. A whiff of 
nitrous oxide was given at the time of actual hammering, to spare the patient emo- 
tional trauma. There were no side effects. BLOCKAIN, 30 cc., 0.5% (5 mg./cc.). 
Write GEORGE A. Breon & co., 1450 Broadway, N. Y. 18 for additional information. 


* prockain® BRAND OF PROPOXYCAINE HYOROCHLORIDE BREON, 


ROPOXKY DERIVATIVE OF 2-DIETHYLAMINOETHYL 4-AMINOBENZOATE. 
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NOW AVAILABLE IN 
MULTI-USE POUR BOTTLE 


Cat. No.G94 DISTILLED WATER 
Cat. No. G104- NORMAL SALINE 
Cat. No. G124- UROLOGIC SOLUTION G 


Irrigating solution for dissolu- 
tion of urinary tract calculi 





Cat. No. G134_ GLYCINE 15% IN WATER 
Urologic irrigating solution. 





From O.R. to Nursery ... from Pharmacy to 
Emergency Room... wherever sterile, distilled 
water, normal saline and irrigating solutions 
are used, this modern pour bottle is on hand. 
Functional design, convenient screw cap, and 
sure-grip finger grooves are among the basic 
reasons for its growing preference. 





These liter-size pour bottles conserve hospital 
time... reflect direct savings in fluid prepara- 
tion, material costs, labor costs, overhead costs. 
Control and safety factors are constant... while 
present equipment may be freed for other uses. 


Pour bottles are finding increasing use for 
irrigation and other washing and rinsing pro- 
cedures in the OPERATING ROOM ... for 
rinsing and preparation of syringes, needles 
and other I.V. equipment in CENTRAL 
SUPPLY... in the preparation of small Rx 
items in the PHARMACY. .. for preparation of 
specific diets in the INFANT FORMULA 
ROOM ...asa source of sterile water and saline 
for washing and rinsing in the NURSERY... 
at NURSING STATIONS... in the OUT- 
PATIENT DEPARTMENT ... in the DELIV- 
ERY ROOM...in the EMERGENCY ROOM. 


For these uses, and for re-use functions of the 
bottle itself, more and more hospitals are 
standardizing on this most versatile unit. 





BAXTER LABORATORIES, INC. 


DISTRIBUTED AND AVAILABLE ONLY IN THE 37 STATES EAST OF THE ROCKIES (except in the city of El Paso, Texas) THROUGH 


AMERICAN HOSPITAL SUPPLY CORPORATION 


SCIENTIFIC PRODUCTS DIVISION GENERAL OFFICES 
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= 
Vitamin K, 





“has a more prompt, 
more potent 
and more prolonged effect 
than the vitamin K analogues” 


Preoperative use of ‘Mephyton’ reduces the likelihood 

and seriousness of surgical hemorrhage due to 
hypoprothrombinemia. ‘Mephyton’ is widely used before 
tonsillectomy, intestinal surgery, biliary tract surgery, 
rhinoplasty, surgery of the newborn (especially prematures), 
neurosurgery, thoracic surgery, obstetrical and gynecological 
procedures, surgery in any highly vascular area. It is 
particularly indicated in patients with obstructive jaundice, 
or when prothrombin level is depressed following 
administration of anticoagulants, barbiturates, salicylates, 
antibiotics, sulfonamides, or phenylbutazone. 


Dosage: Preoperatively, up to 50 mg. orally at least 24 hours before surgery, or up to 
50 mg. intravenously at least 12 hours before surgery, to help restore prothrombin 
to safer levels. Postoperatively, up to 50 mg. may be given orally or intravenously 
after surgery to combat hemorrhage due to hypoprothrombinemia. In all situations, 
individual dosage requirements should be determined by prothrombin-time response. 


Supplied: Tablets, 5 mg.; bottles of 100. Emulsion, each 1-cc. ampul contains 50 mg.; boxes of 6 ampuls. 


*Council on Drugs: New and Nonofficial Drugs, Philadelphia, J. B. Lippincott Co., 1958, p. 620. 


MEPHYTON is a trademark of Merch & Co., inc 


Ws} MERCK SHARP & DOHME, DIVISION OF MERCK & CO., Inc., PHILADELPHIA 1, PA. 





URGENT 


URGENT 


Patents pending. Teflon is a DuPont trademark 
Bard-U.S.C.1 grafts are made by U. S. Catheter 
& Instrument Company, and were developed 
in cooperation with W. Sterling Edwards, M.D 


to save a life or a limb 


in vascular emergencies 
an arterial graft of 
the right size must be 


where you nee 
when you nee 


Hospitals everywhere are aware of the urgent need for a 
prosthesis in time of emergency . . . the hurried call, the hasty 
search for the right source, the rushed delivery. Often the 
exact needs cannot be anticipated, then become critically 
apparent during surgery. 


Bard-U.S.C.I. Graft Kits enable the hospital to meet these 
vascular emergencies with immediate replacement of a 

aged artery. A compact cabinet keeps an assortment of 

grafts right in your hospital, where you need it; insta 
accessible when you need it. 

Use of the kit eliminates costly delays in locating and p 

ing the right size graft. Inventory control is simplified . 
when one graft is used, the empty compartment signal 
immediate re-order of that size. Prompt replacement keep 

kit always ready for emergency requisitions. The grafts 

be stored indefinitely without deterioratin 

Each graft is made of purified white Teflon® fiber, 

with properties unapproached by any other fiber, nat 
synthetic. Seamless woven structure is permeable, but 
very low porosity. Uniform crimping provides strength and 
longitudinal elasticity without kinking. The grafts are easily 
sutured; sealing is not required. Each graft is 20” long 







For detailed information and reference material on these ar 
Prostheses of Tefion*, Write C. R. Bard for illustrated brochure T 
Stock Kit contains one each of the following Woven Teflon Gr 
Y,”, He", ye", YA", Ye", %,", '; 1% , linside diameters): one Bifurcation 
with 'Ye” aorta lumen; one Bifurcation with '%6” aorta lumen 
Emergency Kit contains one each of the following Woven Teflon 
Grafts; Ye", He”, Ye", V2", linside diameters). 


The graft that may be needed tomorrow can be on hand today . . 
order a BARD-U.S.C.1I Kit from your Hospital/Surgical Supply Dealer. 


Cc. R. BARD, INC. > SUMMIT, NEW JERSEY 
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Davis & Geck Sutures 1909—1959 
50 Years of Service to the Surgical Profession 


SURGICAL 
PRODUCTS 
NEWS No. 2 





SURGEONS MAY NOW SPECIFY SAFER, PLASTIC 
PACKAGED SUTURES IN A FULL RANGE OF MATERIALS 


Complete Line in Individual 
Double-Envelope Pack Eliminates 
The Cross-Contamination Hazard: of 
Bulk Storage in Jars and Solutions 


Standardization on the com- 
plete line of Davis & Geck surg- 
ical gut and non-absorbable 
sutures is proceeding so rapidly 
in hospitals that Surgical Prod- 
ucts Division has stopped all 
production of sutures in glass 
tubes! 

Hospital administrators, sur- 
geons and operating room su- 
pervisors have cited 5 major 
reasons for their speedy adop- 
tion of the new suture line: (1) 
Protection against cross-infec- 
tion. The individual packaging 
offers a reassuring safeguard 
against cross-contamination in 
common storage jars— particu- 
larly against the hepatitis virus 
which is resistant to all known 
cold germicidal solutions. (2) 
Elimination of broken glass. 
Both damage to sutures and the 
risk of infecting personnel 
through cut gloves and fingers 
are avoided. (3) Sutures reach 
surgeon in better condition. 
Opening just before use keeps 
gut sutures from drying out, 
and the loose coil which re- 
places tightly wound reels re- 
duces kinking and excessive 
handling. (4) Simplified dis- 
pensing. All three convenient, 
easily learned dispensing tech- 
nics have proved important 
time-savers. (5) Economy. Pre- 
paring sutures only as needed 
avoids waste and post-operative 
sterilization chores. Added sav- 
ings are achieved by eliminating 
breakage, preventing damage 
due to broken glass, and simpli- 
fying storage. 


ase 


PRP SP® 51 setures now include surgical gut, silk, cotton, nylon, polyethy- 
lene, and stainless steel— Atraumatic® needles, standard or pre-cut lengths. 


FILM AVAILABLE FOR HOSPITAL SHOWINGS 
The 20-minute, 16-mm. film on 
the new Surgilope SP suture 
dispensing technic— with intro- 
duction by Carl Walter, M.D., 
F.A.C.S.— is available on re- 
quest. Arrangements may be 


made through local Surgical 
Products Division representa- 
tives, or by writing direct. 








SEND FOR NEW, FULL-LINE CATALOG— 


JUST OFF THE PRESS! MAIL COUPON ON 
REVERSE SIDE. 








NEW ELASTIC FOAM BANDAGE PROVES USEFUL 
FOR A WIDE VARIETY OF APPLICATIONS 


Lightness, Porosity, “Cling” Are 
Among Advantages Over 
Standard Elasticized Bandages 


Far lighter and more porous 
than standard elasticized band- 
ages, the new elastic bandage 
helps to speed healing and en- 
hance patient comfort wherever 
pressure dressings are indicated. 
Because it clings to itself the 
bandage is especially easy to 





apply, and stays neatly in place 
where other bandages tend to 
slip or creep. It may be washed 
and autoclaved without deterior- 
ation and is physiologically in- 
ert. The new bandage is supplied 
in 3-yard rolls; 2”, 3”, 4” and 6” 
widths are available. 
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Owens® Sterile Contact Dressing 
Non-Adherent, Non-Occlusive— 
Available Plain or Neomycin-Treated 


, 


Packaged sterile in individual 
envelopes, Owens contact 
dressings offer a convenient 
and dependable means of pre- 
venting wound adherence on 
all post-operative sites, surface 
wounds, burns, granulating 
areas, and skin graft donor 
sites. The unique, “micro- 
gauge” rayon mesh effectively 


“AN IDEAL IMPROVEMENT 
IN WOUND DRESSING TECHNIC” 





bars capillary penetration 
without the use of messy oc- 
clusive ointments. Liquid exu- 
dates pass freely, yet the dress- 
ing may be removed without 
causing unnecessary pain, de- 
laying healing, or impairing 
cosmetic results. Owens dress- 
ings have been used for 4 years 
in leading hospitals. They are 
available Plain, or in the new 
Neomycin-Impregnated form 
for use on infected or poten- 
tially infected wounds. Sizes 
are 3” x 8” and 8” x 12”. 


1. Thomson, J. E. M.: Am. J. Surgery 91:413, 1956. 





NAME 





Kindly send me the new, full-line 
Surgical Products Division Catalog. 


si 





(please type or print plaialy) 


ADDRESS 








AMERICAN CYANAMID COMPANY 
SURGICAL PRODUCTS DIVISION 
-DANBURY, CONNECTICUT 


Fill out and mail this 
coupon to: 











NEW STERILE AEROSOL 
PRODUCTS SAVE TIME, 
IMPROVE PATIENT CARE 


ACHROSURGIC* Sterile Anti- 


biotic Spray Powder. Contains 
1% Achromycin® Hydro- 
chloride (tetracycline hydro- 
chloride) crystalline suspen- 
sion, in an aerosol dispenser 
can. A handy, highly effective 
topical antibiotic for treatment 
of infection of wounds and 
abrasions, after surgery, leg 
ulcers, bacterial dermatoses, 
decubitus ulcers, burns and 
other denuded areas. 


TOPASIL* Sterile Silicone 


Skin Protectant. Conveniently 
applied without touching the 
area involved, Topasil quickly 
films skin with a sterile, 
greaseless, odorless coating... 
effectively seals it against the 
irritating effects of abrasion, 
perspiration, urine and other 
irritating fluids. Recom- 
mended for diaper rash, bed- 
sores, contact dermatitis, 
chapped skin, areas surround- 
ing colostomies and _ ileosto- 
mies. 


SURGAIRE* Sterile Wound 


Deodorant. Sprayed directly 
on the dressing covering the 
wound, Surgaire checks odor 
at the source, before it can per- 
meate the air of the sick room. 
Not just another strongly- 
scented masking agent, 
Surgaire’s chemical action 
effectively controls the most 
offensive odor for more than 
12 hours per application. Its 
routine use can contribute 
much to the morale of both pa- 
tient and attending personnel. 
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*Trademark 
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AMERICAN CYANAMID COMPANY 
SURGICAL PRODUCTS DIVISION 
30 ROCKEFELLER PLAZA 
NEW YORK. N. ¥. 


SALES OFFICE: DANBURY, CONNECTICUT 












destroy viable 
tumor cells 


during resection 


of the colon 
for carcinoma 
with 


CLORPACTIN'XCB 


REFERENCES: 
GLIEDMAN, M., GRANT, R., ROGERS, C., and KARLSON, K. E.: Clor- 
pactin, A Surgical Adjunct; Tumorcidal and Antimicrobial Properties, “Sur- | 
gical Forum” of the American College of Surgeons, Vol. VIII, 1958. 


SOUTHWICK, HARRY W., and COLE, WARREN H.: Prophylactic and 
Adjuvant Measures in the Treatment of Carcinoma of the Colon; N. Y. State 
Jour. of Med., P. 86-103, Vol. 59, No. 1, Jan. 1, 1959. 


BACON, HARRY E., and BERKLEY, J. L.: Refinements in Prevention of | 
Recurrent Carcinoma Prior to and During Resection of the Colon and | 
} 








Rectum; Preliminary Report; J. of the Int'l. College of Surgeons, Vol. 30, 
No. 5, Nov. 1958. 











UARDIAN | 
A product of the HEMICAL | 


Pharmaceutical 


Division ORP ORATION 


38-15 30th St., Long Island City 1, N.Y. 
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Each capsule contains: 


Thiamine Mononitrate (By) 10mg. 
Riboflavin (Be) 10 mg. 
Niacinamide 100 mg. 
Ascorbic Acid(C). . . . 300 mg. 
Pyridoxine HCI(Bs). . . 2 mg. 


® 
Vitamin Bio 
STRESS FORMULA VITAMINS LEDERLE Calcium Pantothenate . . 


Vitamin K(Menadione) . 


for an uneventful postoperative course PRenoa aay oy 


Adequate nutritional supplementation, pre- and postoperative, must be consist- by wy et al.: Surgery 44:138 
uly " 


ent with requirements for satisfactory healing and maintenance of homeostasis.!. 2 2. Peleatiy, 3. T.: Sere, Grace. 6 
Therapeutic levels of B and C vitamins should be administered to meet the stress Obstet. 107:375(Sept.) 1958. 
demands.* STRESSCAPS provide the high potency formula of water-soluble 3. Goodhart, R. S.: M. Clin. North 


vitamins essential to an uneventful, early convalescence. America 40:1473 (Sept.) 1956. 


LEDERLE LABORATORIES, a Division of AMERICAN CYANAMID COMPANY, Pearl River, New York 
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é > DY, 
the surgeon can have 
additional confidence when 
the patient is prepared 
with SULFASUXIDINE. 


Given 3 to 5 days beforé 

bowel surgery, 

SULFASUXIDINE greatly lowers 
the incidence of 

secondary infection. This 
precautionary measure does much 
to lessen the possibility 

of peritonitis and abscesses. 


Postoperatively, SULFASUXIDINE 
reduces flatulence by maintaining 
a low bacterial count and 

makes convalescence more 
comfortable. Nausea and 
vomiting rarely-occur. 

Daily dosage: Adults—414 to 

6 tablets six times daily. 


Children: 0.25 Gm./Kg. 
daily, in six divided doses. 


Available as 0.5 Gm. tablets 
in bottles of 100 and 1000; powder 
form in 1-pound bottles, 


%, 


SULFASUXIDINE 


SUCCINYLSULFATHIAZOLE | 


MERCK SHARP & DOHME 


DIVISION OF MERCK & CO., Inc., PHILADELPHIA 1, PA. | 


moment 


: O 
confidence 


SULFASUXIDINE is a trade-mark of Merck & Co.. Inc. 











In hypoprothrombinemia 


NONAKION 


Rapid action rate of absorption faster than menadione or derivatives.., 
more potent and lasting effects. 





Wide margin of safety substantially safer than vitamin-K analogues—no kernicterus 
reported. 





Versatility of administration capsules for oral use... fine aqueous dispersion for parenteral 
administration. 






Compatibility unlike vitamin-K analogues or similar products, the paren- 
teral form of Konakion is a fine aqueous dispersion compatible 
with most I.V. vehicles. 






Low dosage forms no excess, no waste— packaged for economical one-time use. 









Prophylactically and therapeutically, Konakion is indicated in obstetrics to prevent or control 
neonatal hemorrhage, to minimize excessive bleeding in surgery, to offset anticoagulant over- 
dosage, and whenever vitamin-K utilization is impaired. 


KONAKION®—brand of vitamin K, RocHE® Capsules—5 mg; Ampuls—1 mg/0.5 ce 











ROCHE LABORATORIES: Division of Hoffmann-La Roche Inc*Nutley 10, New Jersey ral 
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in surgical, therapeutic, 
and diagnostic procedures 


specific advantages 


- rapid, smooth induction 

- evenly sustained surgical plane 
of anesthesia 

- prompt, pleasant recovery 

- relative freedom from 
laryngospasm and bronchospasm 


SURITAL 


SODIUM 


I Ree nenee se ner coe 
TRIS ts ctiniiemsncenistens ase: 


ultrashort-acting intravenous anesthetic 
Detailed information on SURITAL Sodium 
(thiamylal sodium, Parke-Davis) is avail- 
able on request. 

CAM 


[Py PARKE, DAVIS & COMPANY 
Detroit 32, Michigan 




















COLE & ELMAN’S 


TEXTBOOK 
OF 
SURGERY 


(7th Ed.—June 1959) 














By Warren H. Cole, M.D., F.A.C.S. 
With 49 Contributing Authors 


A new double-column page format with complete rewrit- 
ing and revision distinguish the new 7th edition of this 
standard American text. 32 new contributing authors 
have joined 18 previous authors to cover the present 
status of general surgery—pathophysiology, clinical mani- 
festations and operating principles with much detailed 
surgical treatment and technic. Cardiovascular material 
and Cole’s chapters on cancer are outstanding. 


7th (1959) Edition * 1200 Pages * 1000 Illus. 
$17.00 





MADDEN’S 


ATLAS OF 
TECHNICS IN 
SURGERY 













(New Book—Oct. 1958) 


By John L. Madden, M.D., F.A.C.S. 
(Dir. of Surg., St. Clare’s Hosp., N.Y.C. 
With Discussions By 62 Eminent Surgeons 


This remarkable new Atlas with 1843 original illustra- 
tions on 295 full page plates clearly pictures the major 
and in-between steps of technics of operations in the 
field of general surgery. [Illustrations occupy right hand 
pages and descriptive legends share left hand pages with 
critical discussions by other surgeons, and bibliographic 
references. The 9” x 12” page size permits large illus- 
trations for clearly defined detail and anatomical accu- 
racy. Nothing comparable. 


670 Pages ° 1843 Illus. © Oct. 1958 °* $30.00 














SWENSON’S 


PEDIATRIC 
SURGERY 


(New Book—June 1958) 


By Orvar Swenson, M.D. 
(Tufts University School of Medicine 


In this new text an outstanding pediatric surgeon covers 
all aspects of congenital, traumatic and acquired surgical 
problems which will be encountered in the newborn, the 
infant and the child. Technics are detailed and fully 
illustrated. General surgical management includes pre- 
operative and postoperative care and the care of com- 
plications. The Foreword is by William E. Ladd, M.D. 


750 Pages * 702 Illus. © June 1958 °* $20.00 













OPERATIVE 
OBSTETRICS 


(New Book—Sept. 1957) 


By R. Gordon Douglas, M.D. (Cornell 
and Wm. B. Stromme, M.D., F.A.C.S. (Mnpls. 


Operations which may be needed during the obstetric 
period are described and illustrated in detail. In addi- 
tion the authors discuss indications, contraindications, 
advantages and disadvantages, incidence, trends, pre- 
operative care, postoperative management, anesthesia, 
resuscitation, and management of complications. 


750 Pages © 859 Illus. © Sept. 1957 * $20.00 












MANAGEMENT OF 
EMERGENCIES IN 
THORACIC 
SURGERY 
(New Book—Sept. 1958) 





By John Borrie, M.B.E., F.R.C.S. 


This new text, by a Hunterian Professor in The Royal 
College of Surgeons of England, is a clear, concise and 
authoritative guide to the understanding, recognition, 
management and treatment of emergency thoracic lesions. 
Included are chest wall, pleural, pulmonary, esophageal, 
mediastinal, diaphragmatic and cardiac emergencies. 
The Foreword is by Sir Russell Brock, F.R.C.S. 


350 Pages © 120 Illus. © Sept. 1958 °* $10.00 












For Sale at All Bookstores or 
APPLETON-CENTURY-CROFTS, INC., 35 W. 32nd St., New York 1, N. Y. 
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™@ anxiety patient, complaining 

S of weakness, trembling, sweating, 
aa tachycardia, on the slightest 
exertion. Her symptoms followed family 
reverses; home life became disorganized, 
she couldn’t cope with housework. 
Therapy with TRILAFON, 4 mg. t.1.d., 
and a weekly office visit to discuss 

her feelings have worked wonders: in 
reactivating this patient. She’s on 
maintenance dosage now, 2 mg. t.1.d., 
able to work very well, and wide-awake 


and active all day long. 








Four weeks ago, Mrs. C. was an 


mobilizes patients immobilized by anxiety 


Trilafon 


perphenazine 


when you want to avoid drowsiness 


e helps the patient contain anxiety, tension 
e restores normal working capacity 


TRILAFON Tablets—2 mg. and 4 mg.; bottles of 50 and 500. 
TRILAFON REPETABS,® 8 mg.—4 mg. for prompt effect in the 
outer layer and 4 mg. for prolonged relief in the timed-action 


inner core; bottles of 30 and 100. 
For complete details on TRILAFON consult Schering literature. 


Sty 


SCHERING CORPORATION ¢ BLOOMFIELD, NEW JERSEY 





TR-J-529 


for anesthesia in quietness and confidence 


VINETHENE 


VINYL ETHER FOR ANESTHESIA, U.S.P. 





induction prior to ether—VINETHENE“... short operative procedures—VINETHENE is supplement to nitrous oxide or ethylene— 
is more rapid and smooth than nitrous easily administered by open-drop method. ViNETHENE with ethylene-oxygen or ni- 
oxide and the excitement period is prac- Induction and recovery are pleasant and trous oxide-oxygen complements these 
tically eliminated.”! May be administered rapid, muscular relaxation is good, and drugs and permits utilization of more oxy- 
with closed technic. excitement or nausea is rarely observed. gen. Ideal for brief surgical procedures. 


1. Goodman, L. S.,and Gilman. A.: The Pharmacological Basis of Therapeutics, ed. 2, New York, The Macmillan Company, 1955, p. 69. 


supplied: In 10-cc., 25-cc., 50-cc., and 75-cc. bottles, each with adjustable plastic dropper cap. 


Oo) MERCK SHARP & DOHME DiviSiON OF MERCK & CO., INc., PHILADELPHIA 1, PA. VINETHENE is a trademark of Merck & Co., INC, 
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Standard 
preoperative procedure 
to control bleeding 


SALICYLATE 


(Brand of carbazochrome salicylate) 


: Proven effective by 
over four years of clinical use, 
millions of doses 


In hemostasis blood clotting is only 
one factor. Restoration of capillary 
integrity is of primary import- 
— resem 97 — bleed- 
ing oozing ecreasing exces- 

capillary permeability and pro- 


Surgical Use 

Adrenosem is recommended pre- 

a where bleeding presents 

a peor Minimal bleeding pro- 
es a clearer operative field and 

facilitates operative procedures.*”.” 


Postoperatively, it lessens the need 
for Sal 8,6,9-11,13,16,18,20,28 


Medical Use / 
Adrenosem is an effective hemostatic 
where vascular anomalies exist, such 
as , purpuras, epistaxis, 
and others. 1-8,6.8-11,27-29 At recom- 
mended dosage levels there are no 
ee ae 


rg a. 1 cc., 5 mg.; 

5 mg.; Syrup, each 

5 a, 2'5 meg. ney ta ‘of all dosage 
forms is stated in terms of the active 
t, adrenochrome mono- 


Write for descriptive literature and do. 
pet tard Seal 


*U. S. Pat. 2581850, 2506294 


»\\ THE s. E. MIASSENGILL COMPANY 
“AQ. BRISTOL, TENNESSEE © NEW YORK » KANSAS CITY » SAN FRANCISCO 
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drenosem 


SALICYLATE 


(Brand of carbazochrome salicylate) 









effective in more than 
200 clinical disorders 


Adrenosem has proved effective, both prophylactically 
and therapeutically, in numerous operative procedures 
and pathological conditions. Following is a partial 

list of the many indications for Adrenosem. 















tonsillectomy adenoidectomy pharyngectomy mastoidectomy 
yectomy myoplasty septectomy turbinectomy rhinoplasty laryngectomy epig 


ronchotomy iracheoplasty tracheost@my pneumonectomy pleurectom 







shy pericardiorrhaphy splenectom Matoplasty cheiloplasty uvulectomy 





sophagectomy gastrectomy proctectomy proctopexy sphincter 









tectomy hernioplasty Hatectomy vulvectomy hysterecto 





traction skin grafts 









ermabrasion gastrointestinal blee 


taxis metrorrhagia ful ooze antepartum and postpa 










edulin, dicumerol or x-ray ther 








ion Capillary hemo 





F subarachnoid hemorrhage ecchymosis 
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1, Roskom, J: Arrest of Bleeding, Charles C 11, Peele, J. C.: Control of Hemorrhage from 21. Rosi, H. Bx ‘ative 
Thomas, Springfield, mM. (1954). the Nose ond Throat, Med. Times 86:1228 Ecchymosis, The Prag yg Deen 
2. Derovaux, G. and Roskam, J.: Adrenaline, 1958). (Dec., 1958). 
Adrenatone, and Mean Bleeding Time, J. H. A. and Chianese, T. C. A Clinical 22. Brown, W. S.: Control of Bleeding Ai 
Physiol. 90:65 (1 ation of Adr brasion, North Med. 57:470 (Apr., 
3. Sherber, D. Ax Control of Bleeding, Dentistry 15:56 (Sept., 1956). 958). 
rgry tn 1953). Saiiaeie die wet Aden Clcan 23. Coyle, J. E: Analysis of Blood and Vas- 
4, Fulton G. P., Lutz, MH. and = operative with Adrenosem, Laryngo- _ cvler Factors in the Prophylaxis of Tonsillo- 
Arendt, K. Ax Moccesin Venom as a Test for scope 65:2! 1955). Adenoide! Hemorrhag aryngoscop 
Susceptibility to Fetechial Formation in the 1.4. Perkins, R. E. L.: A Ciinical investigation of | 1029 (Oct., 1957). 
Homster. Venoms: Published by the Am. Assoc. ch M icarb Sodium 24. Dimmette, J. E. and Terry, J. Gx Better 
for the Advancement of Science (1954). ee na rn et Oe ee Control of Bleeding in V Y, 
5. Pappenheimer, J. Ru of Molecules (Mar., 1957). Presented before the Texas Med 
tose” — m6 Aan treo Pan of Socding ts 2S. Keeney, A. H. ond Mody a vend 

Ly e P 1: Adrenosem 
yg ee ee Tonsillectomy, Am. Practitioner and Digest of | (Carbazochrome) in Primary Glavcoma ond 
penne Snes ree ‘est. J. Treatment 8:385 (Mor., 1957). Diabetic A. A. A. Arch. of Ophth. 
Sorg, Octet. end Ornee Won, 1956. 16. nF. de Ths Core of the Prastatie 54.665 (Now, 1935) 
7. B.C, Je. ond Y: E:A Cavity,S. Med. J. 30:381 1956). 26. fooaens 6 ae eee: ©. Cs Seed 
Profiminary, apart on Adrenceem 17. Erener, M. S. and Lerner, $. S. Unsol- _—ing Following Tonsil and Operations 
for Controt 4. Coll. ved Problem of the Tonsils ond Adenoids, The Trans. Amer. Acod. Ophthal. Otolaryngol. 
—s Assn. and br Dental Assn. Med. Clinics of N. Amer. 40:1749 (Mov., 62:592 (July-Aug., 1958). 
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Administered before and after cervicovaginal surgery, irradiation, delivery, 
and office procedures such as cauterization, FURACIN CREAM promptly controls 
infection; reduces discharge, irritation and malodor; hastens healing. FURACIN 
CREAM is active in the presence of exudates, yet is nontoxic to regenerating 
tissue, does not induce significant bacterial resistance nor encourage monilial 


overgrowth. 


FURACIN CREAM 


BRAND OF NITROFURAZONE 


FurRACIN 0.2% in a fine cream base, water-miscible and self-emulsifying in body fluids. Tubes of 
3 oz., with plastic plunger-type vaginal applicator. Also available: Furacin Vaginal Suppositories. 


[ ) THE NITROFURANS —a unique class of antimicrobials 
0,N 
; EATON LABORATORIES, NORWICH, NEW YORK 
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Stainless 









the Kapp-Beck” 
Serration* 


Another Important Development 
in Cardiovascular Instruments 


by SKLAR 








Patent ductus clamp 
straight or angular 









Satinsky 
vena cava clamp 








These Sklar instruments with the 







new Kapp-Beck Serration have been 
















clinically evaluated and found to be 
highly acceptable for all procedures 


Blood vessel clamp 
large or small curve 


in the cardiovascular field. 


The rounded shoulders of the teeth 
minimize trauma and insure a posi- | 
tive grip with gentle pressure of the 








Jaws. | Coarctation clamp 


| straight or angular 


Available through accredited Surgi- 
cal Supply Dealers. 


Ehblar 


LONG ISLAND CITY, N. Y. 





Cardiovascular Instrument Brochure 
available upon request 


*Patent No. 2,796,065 


| 
| 
| 
| Bulldog clamp 
| 2”, 204” 3”, 314” 
! 
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Relieves Pre-op Apprehension 
Aids Post-op Management 


without 
depressing 
vital 
functions 


® relieves tension and anxiety 
® helps provide “a good night's sleep” 
™ facilitates early ambulation 
relaxes skeletal muscle 
Miltown has no adverse effects on cardiovas- 


cular, respiratory or gastrointestinal func- 
tions and causes no depressive “hang-over”’ 


Miltown: 


meprobamate (Wallace) 


Miltown is available in 400 mg. scored and 200 mg. 


sugar-coated tablets; bottles of 50. 


6, WALLACE LABORATORIES 
\) New Brunswick, N. J. 


June, 1959 





Reprints available on request: 

1. Kern, E. C.: Preoperative seda- 
tion with meprobamate (Miltown) 
in surgery of eye, ear, nose and 
throat. Eye, Ear, Nose & Throat 
Month. 36:408, July 1957. 

2. Lamphier, T. A.: The value of 
meprobamate preoperatively. 
Maryland M.J. 7:627, Nov. 1958. 
3. Lamphier, T. A.: Meprobamate 
—an important adjunct to 
post-operative surgical care. 

J. Maine M.A. 48:357, Oct. 1957. 

4. Lamphier, T. A.: The role of 
meprobamate in postoperative 
surgical care. Ann. New York Acad. 
Sc. 67:810, May g, 1957. 

5. Rushia, E. L.: Preliminary 
report on the use of meprobamate 
for pre-anesthetic sedation. 

J.M.A. Georgia 46:93, March 1957. 
6. Sadove, M. S. and Schiffrin, M. J.: 
Tranquilizers in surgery, in Surg. 
Clin. North America, Saunders, 
Philadelphia, Feb. 1959, pp. 231-244. 
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INDICATED IN: 


NOW 
eee a new Way LUMBOSACRAL STRAIN 


MUSCLE STIFFNESS 


SACROILIAC STRAIN 


to relueve pain 


WHIPLASH INJURY 


and stiffness sation 


SPRAINS 


an muscles 


TENOSYNOVITIS 
and a01nts FIBROSITIS 
FIBROMYOSITIS 
LOW BACK PAIN 
DISC SYNDROME 


SPRAINED BACK 


“TIGHT NECK” 


TRAUMATIC STRAINS 
AND BRUISES 


POSTOPERATIVE 
MYALGIA 


aa 








@ Exhibits unusual analgesic properties, different from those 






of any other drug ™ Specific and superior in relief of soMAtic pain 






@ Modifies central perception of pain without abolishing natural 





™ Relaxes abnormal tension of skeletal muscle 





defense reflexes 










N-isopropyl-2-methy!-2-propyl-1, 3-propanediol dicarbamate 






® More specific than salicylates ™ Less drastic than steroids 







@ More effective than muscle relaxants 





Soma has an unique analgesic action. It apparently modifies central pain 
perception without abolishing peripheral pain reflexes. SOMA is particularly 
effective in relieving joint pain. Patients say that they feel better and sleep | 
better with SomMA than with any previously used analgesic, sedative or : | 


relaxant drug. | 
SoA also relaxes muscle hypertonia, with its stresses on related joints, 


ligaments and skeletal structures. 









ACTS FAST. Pain-relieving and relaxant effects start in 30 minutes and 
last 6 hours. | 







NOTABLY SAFE. Toxicity of SOMA is extremely low. No effects on liver, 
endocrine system, blood pressure, blood picture or urine have been re- 
ported. Some patients may become sleepy on high dosage. 











EASY TO USE. Usual adult dose is one 350 mg. tablet 3 times daily and at 
bedtime. 











SuPPLiED: Bottles of 50 white sugar-coated 350 mg. tablets. 
Literature and samples on request. 





: ® 
WV 4 WALLACE LABORATORIES, NEW BRUNSWICK, N. J. 





an important new solution 


to the problem of resistant 
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staphylococcus infections 
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Vancocin (4 to 8-fold increase) 











+— 
11 


Oise hak td 


Number of Transfers 


DEVELOPMENT OF RESISTANCE BY STAPH. AUREUS TO VANCOCIN AND PENICILLIN 
Development of resistance to Vancocin has not been demonstrated clinically. It is even 
difficult to “force” development of resistance in laboratory studies. 


® Vancocin is bactericidal in readily 
achieved serum concentrations. 


® Vancocin is effective against anti- 
biotic-resistant pathogens. Cross- 
resistance does not occur. 


® Vancocin averts the development 
of antibiotic-resistant organisms. 


ELI LILLY AND COMPANY 


INDIANAPOLIS 6, INDIANA, U.S.A. 


Supplied: Only as Vancocin, I.V., 500 
mg., in 10-cc. rubber-stoppered am- 
poules. Before administration, the 
physician should consult essential in- 
formation contained in the package. 


Vancocin™ (vancomycin, Lilly) 


Litty 


QUALITY / RESEARCH / INTEGRITY 
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DUOGRAFIN 


Squibb Diatrizoate and lodipamide Methylglucamines 
SIMULTANEOUS VISUALIZATION OF THE BILIARY 


AND RENAL TRACTS FOR ROUTINE EXAMINATION OR 
DIFFERENTIAL DIAGNOSIS 


IN INTRAVENOUS PYELOGRAPHY 

> visualization of the kidneys and urinary passages — including the 

renal pelves, ureters and bladder — within 5 to 15 minutes. 

IN CHOLECYSTOGRAPHY AND CHOLANGIOGRAPHY 

> visualization of the hepatic and common ducts in 10 to 15 minutes — 
even in cholecystectomized patients 

> visualization of the biliary ducts within 25 minutes — except in patients 
with impaired liver function 

> full visualization of the gallbladder — filling begins within one hour after 
administration and is complete after 212 hours. 


Duografin spares the patient from superfluous radiation exposure .. . is 
extremely well tolerated ... saves time for both physician and patient. 

In 25 patients Duografin was administered for simultaneous urography and 
cholecystocholangiography. ‘‘Most of the patients showed excellent 


visualization of both tracts.” Duografin is “... of special value in acute 
cases... It also saves time and avoids the necessity of two separate 
preparations for routine radiological study.’ Garfinkel, B., and Furst, N.J.: 
Radiology 70:243 (Feb.) 1958. 

Duografin: Supplied as a sterile aqueous solution for intravenous injection, 
providing 40% diatrizoate base (3,5-diacetylamino-2,4,6-triiodobenzoic acid) and 
20% iodipamide base (N,N’-adipyl-bis 3-amino-2,4,6-triiodo benzoic acid), 

both in the form of their methylglucamine salts. The solution contains 
approximately 38% firmly bound iodine; in vials of 50 cc. 


SQUIBB HT [ ’ Squibb Quality — the Priceless Ingredient 


: 7DUOGRAFIN’® IS A SQUIBB TRADEMARK 
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AMERICAN JOURNAL 
OF OBSTETRICS AND 
GYNECOLOGY 


AMERICAN HEART 
JOURNAL 


THE JOURNAL OF 
LABORATORY AND 
CLINICAL MEDICINE 


THE JOURNAL OF 
ALLERGY 


THE JOURNAL OF 
PEDIATRICS 


JOURNAL OF 
CHRONIC DISEASES 


THE JOURNAL OF 
THORACIC SURGERY 


SURGERY 


Published by 
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COMPREHENSIVE 
COVERAGE OF 


Official publication for thirty-one societies in obstetrics and 
gynecology. Indispensable to the physician who must have 
complete and authoritative coverage of these fields. 
Monthly, Domestic, $15.00; Canada & Pan-America, 
$16.00; Elsewhere, $17.50. 


An international publication for the study of all diseases of 
the entire circulatory system. Represents outstanding cardi- 
ology clinics everywhere. Since heart disease remains the 
leading cause of mortality and morbidity it merits your 
special study. Monthly, Domestic, $13.00; Canada & 
Pan-America, $13.50; Elsewhere, $14.50. 


Official publication for the Central Society for Clinical 
Research. Papers are devoted to basic problems in medicine. 
Their findings are broadly informative, having wide appli- 
cation in diagnosis and treatment. Monthly, Domestic, 
$13,00; Canada & Pan-America, $13.50; Elsewhere, 
$14.50. 


Official publication for the American Academy of Allergy. 
Every general practitioner, pediatrician, internist and der- 
matologist treats allergy as a matter of course. Yet the 
subject is so complex that special coverage of it is necessary 
if satisfactory results are to be uniformly obtained. 
Bi-monthly, Domestic, $10.00; Canada & Pan- 
America, $10.50; Elsewhere, $11.00. 


An independent pediatric journal, with the largest reader- 
ship throughout the world. Regular departments are: 
Medical Progress, Clinical Pathological Conference, Psy- 
chologic Aspects of Pediatrics, Comments on Current 
Literature, Editor’s Column, News & Notes, and Book 
Reviews. Monthly, Domestic, $12.00; Canada & Pan- 
America, $13.00; Elsewhere, $14.00. 


Devoted to the humane, adequate, and economically-sound 
management of all long-term illnesses of all age groups. Its 
scope embraces the medical, psychological and sociological 
aspects of all chronic disease. Edited for general practitioners, 
internists, public health physicians and institutional per- 
sonnel. Monthly, Domestic, $12.50; Canada & Pan- 
America, $13.00; Elsewhere, $14.00. 


Official publication for The American Association for Thoracic 
Surgery. Traffic accidents, common household mishaps or 
the discovery of neoplastic disease may unexpectedly require 
the general surgeon to enter the pleural cavity. Recent 
developments in technique, equipment and accessory supplies 
have made surgical relief possible for a large number of 
morbid conditions. This rapidly-developing field is covered 
authoritatively. Monthly, Everywhere, $20.00. 


Representative of every surgical school and clinic in the 
United States and Canada. Presents the papers of the 
Society of University Surgeons and of The Society for 
Vascular Surgery. Features include: Recent Advances in 
Surgery, Appraisal of Progress in Surgical Therapy, Re- 
appraisal, Editorials and Book Reviews. Monthly, Domes- 
tic, $15.00; Canada & Pan-America, $15.50; Else- 
where, $16.50. 


3207 Washington Bivd. 
St. Louls 3, Missouri 
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Do You Encounter Bone Tumors or 
Tumor-Like Conditions? 


By LOUIS LICHTENSTEIN, 
M.D., Chief Pathologist, Gen- 
eral Medical and Surgical Hos- 
pital, Veterans Administration 
Center, Los Angeles; Fellow, 
New York Academy of Medi- 
cine; Professor Extraordinario, 
National University of Mexico; 
Consultant in Bone Tumors, 
Tumor Tissue Registry of Cali- 
fornia Medical Association Can- 
cer Commission. Just Pub- 
lished. 1959, 2nd edition, 
402 pages, 63/4” x 93/4”, 
220 illustrations. Price, 
$12 00 


June, 1959 


This New Edition Is a 
Practical Working Guide to 
Their Recognition and Management 


Just Published! 2nd Edition 


BONE TUMORS 


by 


Louis Lichtenstein, M.D. 


If you encounter bone tumors or tumor-like conditions from time to time 
and must be able to recognize them and treat them appropriately you'll 
find the new 2nd edition of BONE TUMORS particularly valuable. 
Unusually well illustrated with X-ray pictures and photographs, Dr. 
Lichtenstein’s book is a clear, concise presentation of the latest clinical, 
radiologic and pathologic concepts on benign and malignant tumors. 
Emphasizing accurate diagnosis as a basis for appropriate treatment, 
this new 2nd edition incorporates all of these features: 


New roentgenograms and photomicrographs 

Virtually every chapter rewritten to include all of the recent ad- 
vances in the field 

A new introductory chapter directed to clinicians and pathologists 
as a guide to appropriate management of bone lesions that may be 
tumors 

A new chapter on benign osteoblastoma; unusual chondroid tumors 
and tumors of periosteal origin 

A discussion on tumors of synovial joints, bursae and tendon sheaths 
added to the appendix as collateral material 

The section on non-neoplastic lesions of bone which may be mis- 
taken for tumors has been amplified 


Based on the author’s broad personal a this book stands as one 
of the truly authoritative books in the field. Be sure to examine a copy 
and see for yourself how it can help you. 


Purchase Any of Three Ways: 


At Your Favorite Bookstore; 
From Our Personal Sales Representative; 
Or Order on 10 Day Approval From 


The C.V. Mosby Company 
3207 Washington Boulevard «¢ St. Louis 3, Missouri 








MYOCARDI 
INFARCTIO 


INJECTION 


METARAMINOL 


provides combined pressor, myocardium- 
Stimulating effect with no tissue slough reported 


ARAMINE ‘‘Metaraminol combines strong pressor effect with 
myocardial-stimulating action .. .’"! 

ARAMINE can be administered for balanced pressor, myo- 
cardium-stimulating effect by any desired route—intravenous, 
intramuscular or subcutaneous—with no reported tissue slough 
and with minimal risk of causing arrythmias. Repeated injections 
of ARAMINE appear to elicit no tachyphylactic response. 

ARAMINE is always ready for immediate use—no dilution is re- 
quired. These advantages of ARAMINE make it equally valuable 
in shock accompanying anaphylaxis, brain damage, infectious 
disease, hemorrhage, surgery, trauma. 


Supplied: in l-cc. ampuls and 10-cc. vials (10 mg. per cc.). 
ARAMINE is a trademark of Merck & Co., INC. 


ADDITIONAL information is available to physicians on request. Address Professional Service 
Department, West Point, Pa. 

1. Selzer, A. and Rytand, D.A.: COUNCIL ON DRUGS, Report to Council J.A.M.A. 168:762, 
(Oct. 11) 1958. 
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Are You Looking for the 
“Perfect” Book on Surgery? 


Examine this new 3rd edition of 


TEXTBOOK OF SURGERY 


Edited by H. F. Moseley, M.A., D.M., F.A.C.S. 
Written by 40 Well Known Clinicians and Surgeons 


As you well realize, doctor, “perfection” is a nebulous, virtually 
unattainable state—a criterion that varies with the judgment of 
the individual. If your evaluation of the “perfect” book on 
surgery is one that is fresh, concise, up-to-date and well 
rounded, you must examine the new 3rd edition of TEXT- 
BOOK OF SURGERY. 


For here is a surgical textbook that is truly up-to-date—that is 
well rounded without undue emphasis on the surgery of any 
one part of the body—that is copiously illustrated with over 
700 text photographs and drawings and well over 100 color 
plates in a field where visual aid is so important. Integrating 
basic principles with clinically tried procedures, this book 
gives you “reasons why” certain procedures are recommended 
so that it can help you understand the thinking behind all 
types of surgery. 

Edited by Dr. H. F. Moseley and written by 40 outstanding 
surgeons and educators, the new 3rd edition of this popular 
book has been completely revised, expanded and brought up 
to date to include all the recent advances in surgery. Included 
in the staff of 40 contributors are 12 new contributors; the 
entire group worked as a closely knit team to produce a book 
strong in every area. 


The sections on surgery of the heart, great vessels and lungs 
have been completely rewritten and an important new chapter 
on “Pediatric Surgery” written by Dr. Harvey E. Beardmore 
and Dr. Gordon M. Karn add much to the value of this re- 
vision. The addition of new illustrations and new color plates 
which now total well over 100 make this the most profusely 
illustrated surgery textbook available today. 
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3207 Washington Boulevard, St. Louis 3, Missouri 
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Please send me on 10 day approval a copy of Moseley’s TEXTBOOK OF 
SURGERY, priced at $17.00. I understand that if I am not completely 
satisfied, I can return the book within 10 days with no charge or obligation. 
If remittance is enclosed, publisher pays the mailing charges. 
[] Payment enclosed [] Charge my account 
(Same return privilege ) 
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Greater effectiveness: prompt and sustained relief with 
fewer doses. Fewer side effects: little or no nausea or 
vomiting ® not constipating — LERITINE is spasmolytic 
= minimal unwanted CNS effects—no convulsions or simi- 


lar neurologic phenomena reported in therapeutic dosage. 


TABLETS: 25 mg., in bottles of 100 and 500.PARENTERAL SOLUTION ; 95, mg. per cc., in 1-cc. and 2-cc. ampuls; 
go-cc. vials. WARNING: May be habit-forming. NOTICE: Subject to Federal Narcotic Law. 
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